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ABSTRACT 
In the 1950’s congenital limb deficiencies became well-recognized birth defect 
because of the use of thalidomide treating morning sickness in pregnant women. 
Despite of many studies the causation of many congenital limb deficiencies is mainly 
unknown. Upper and lower limb develop simultaneously during the organogenetic 
phase in early pregnancy (fourth to eight weeks of gestation). This is rapidly 
differentiating phase and therefore it is the phase most sensitive to teratogens causing 
major birth defects. 
Congenital lower limb reductions are rare but they are usually visible at birth and 
thus are well documented by registries. There are just a few population-based studies 
about the epidemiology of lower limb deficiencies. There are no population-based 
studies about the burden of hospital care of lower limb deficiencies to the healthcare 
system.  
The aim of this study was to describe risk factors for congenital limb reduction 
defects and also explore maternal medication use just before pregnancy and during 
the first trimester. The purpose was to find out features of congenital lower limb 
reduction defects and to determine the prevalence of congenital lower limb 
deficiencies and associated mortality and to identify patterns of associated 
anomalies. The aim was also to explore the impact, that children with lower limb 
reduction pose to health-care system. The data is based on registries maintained by 
the Finnish institute for health and welfare.  
We found that maternal pregestational diabetes, nulliparity and young and old 
maternal age increased the risk of congenital limb deficiencies. The use of 
progesterone and antiepileptics before pregnancy and during the first trimester had 
impact on the risk of congenital limb reductions. The total prevalence of congenital 
lower limb deficiencies was 2.8 per 10 000 births and the perinatal mortality was 78 
per 1000 births. Almost half the cases with lower limb reductions had associated 
major anomalies The need of hospital care and the number of orthopedic procedures 
was markedly increased in the patients with congenital lower limb deficiency 
compared to whole pediatric population.  
KEYWORDS: population-based, congenital limb reduction, congenital limb 
deficiency, congenital lower limb deficiency, risk factor, prevalence, mortality, 
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TIIVISTELMÄ 
1950-luvulla alettiin käyttää raskaudenaikaiseen pahoinvointiin talidomidia, jonka 
seurauksena syntyi pahasti vaurioituneita lapsia, joilla oli mm. raajapuutoksia. 
Raajapuutoksien riskitekijöistä on tehty paljon tutkimuksia, mutta suurimmassa 
osassa tapauksia syy jää epäselväksi. Ylä- ja alaraajat muodostuvat raskauden aikana 
samanaikaisesti ns. organogeneettisen vaiheen aikana. Siinä vaiheessa tapahtuu 
nopeaa elinten erilaistumista, ja tämä vaihe on herkin erilaisten teratogeenien 
vaikutukselle. Teratogeenit ovat tekijöitä, jotka aiheuttavat synnynnäisiä poikkea-
vuuksia.  
Synnynnäiset alaraajapuutokset ovat harvinaisia, mutta usein ne ovat helposti 
tunnistettavia syntymän jälkeen. Niiden rekisteritiedot ovat luotettavia. On olemassa 
vain muutamia väestöpohjaisia tutkimuksia alaraajapuutosten epidemiologiasta. 
Kirjallisuudessa ei tunneta synnynnäisten alaraajapuutosten hoidon tarvetta eikä 
vaikutusta terveydenhuollolle. 
Tämän tutkimuksen tavoite oli selvittää synnynnäisten raajapuutosten liittyviä 
riskitekijöitä. Lisäksi selvitettiin äidin lääkkeiden käyttöä ennen raskautta ja 
raskauden ensimmäisen kolmanneksen aikana. Tutkimuksessa kartoitettiin myös 
synnynnäisten alaraajapuutosten tyypit, esiintyvyys, mortaliteetti sekä liitännäis-
anomaliat. Tavoitteena oli myös selvittää synnynnäisten alaraajapuutospotilaiden 
sairaalahoidon sekä kirurgisen hoidon tarve. Aineisto perustuu Terveyden- ja 
hyvinvoinnin laitoksen rekistereihin.  
Äidin ennen raskautta todettu diabetes, ensiraskaus ja äidin nuori, sekä korkea 
ikä lisäsivät raajapuutosten riskiä. Lisäksi äidin käyttämä progesteroni sekä 
epilepsialääkkeet nostivat raajapuutosten riskiä. Alaraajapuutosten kokonaisesiin-
tyvyys oli 2.8 per 10 000 syntynyttä ja perinataalikuolleisuus 78 per 1000 syntynyttä. 
Melkein puolella alaraajapuutospotilaista todettiin jokin muu merkittävä 
synnynnäinen anomalia kuin raajapuutos. Alaraajapuutospotilaiden sairaalahoidon 
tarve ja ortopedisten toimenpiteiden määrä oli merkittävästi korkeampi verrattuna 
muuhun lapsipopulaatioon.  
AVAINSANAT: populaatiopohjainen, synnynnäinen raajapuutos, synnynnäinen 
alaraajapuutos, riskitekijä, esiintyvyys, kuolleisuus, liitännäisanomalia, sairaala-
hoito  
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ABS-LBWC Amniotic band syndrome-limb-bodywall complex 
ADHD Attention-deficit/hyperactivity disorder 
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AK Acterman-Kalamchi classification 
ART Artificial reproductive technologies 
CI Confidence interval 
CVS Chorionic villus sampling 
EUROCAT European network of population-based registries for the 
epidemiological surveillance of congenital anomalies 
FHDR The Finnish National Hospital Discharge Register  
ICBDSR International Clearinghouse for Birth Defects Surveillance and 
Research 
ICSI  Cryopreserved intracytoplasmic sperm injection 
IVF  In vitro fertilization 
KELA Social Insurance Institution of Finland 
MCA Major congenital anomaly 
NA Not applicable 
NBDPN National Birth Defects Preventive Network 
NOMESCO Nordic Medico-Statistical Committee 
PFFD Proximal femoral focal deficiency 
PGDM Pre-gestational diabetes mellitus 
PIC  Personal identification code  
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SUPERhip Systematic utilitarian procedure for extremity reconstruction 
SUPERknee Systematic utilitarian procedure for extremity reconstruction 
THL  Finnish institute for health and welfare 
TOPFA Termination of pregnancy for fetal anomaly 
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VATER Vertebral defects, anal atresia, tracheo-esophageal fistula and renal 
anomalies 
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VACTERL Vertebral defects, anal atresia, cardiac defects, tracheo-esophageal 
fistula, renal anomalies and limb abnormalities 
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The International Clearinghouse of Birth Defects Surveillance and Research defines 
that limb deficiency is a congenital malformation characterized by total or partial 
absence or severe hypoplasia of skeletal structures of the limbs. (ICBDSR). They are 
rare anomalies. After the thalidomide catastrophe in the 1950’s and 1960’s they 
became a well-known group of congenital anomalies (Smithells and Newman 1992, 
Vargesson 2015, 2019). It is estimated that nearly 12 000 children were born with 
limb anomalies (phocomelia) and other congenital defects involving the eyes, ears, 
heart, gastrointestinal canal and urogenital organs (Moore et al. 2016, Smithells and 
Newman 1992, Vargesson 2015, 2019).  
Outside thalidomide, the causes of limb anomalies remain mainly unknown, 
especially the isolated ones (Bedard et al. 2015). The causes can be environmental 
or genetic or they may follow a multifactorial inheritance pattern in which genetic 
and environmental factors act together (Moore et al. 2016). Low birth weight, short 
gestation duration, chorionic villus sampling, alcohol, maternal obesity, infertility 
treatments and lack of multivitamins and antioxidants have an impact on the 
development of congenital limb reductions (Aro et al. 1983, Polednak and Janerich 
1985, Caspers et al. 2013, Firth et al. 1994, Martinez-Frias et al. 2004, Oddy et al. 
2009, Källen et al. 2010, Davies et al. 2012, Botto et al. 2004). Certain maternal 
diseases may be connected to congenital limb deficiencies, e.g., pre-eclampsia, 
chronic hypertension, thyroid disease, influenza, goiter and rheumatoid arthritis 
(Polednak and Janerich 1985, Rogala et. al. 1974, Bellizzi et al. 2016, Källen 1989, 
Aro 1983, Luteijn et al. 2014). Pregestational diabetes and maternal hyperglycemia 
are associated with major birth defects (Reece 2012), but to what extent this is related 
to congenital limb deficiencies is mainly unknown (Aberg et al. 2001, Källen 1989, 
Polednak and Janerich 1985, Froster and Baird 1993b, Nielsen 2005). In a recent 
population-based study, pregestational diabetes increased the risk of limb deficiency 
three-fold (Klungsoyr et al. 2019).  
In the 1960’s and 1970’s researchers reported an association between sex 
steroids used therapeutically by the mother and congenital limb reductions (Janerich 
et al. 1974, Czeizel et al. 1983, Heinonen et al. 1977). Newer studies have 
demonstrated that these associations may not be true (Brent 2005). Valproate, 
Johanna Syvänen 
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phenytoin and phenobarbital use has been connected to limb anomalies (Jentink et 
al. 2010b, Holmes et al. 2001, Harvey et al. 2003) and antibiotics increase the risk 
of limb deficiency (Crider et al. 2009).  
Congenital lower limb defects are obvious at birth and they are well documented 
within registers. The Finnish Register of Congenital Malformations includes data on 
congenital anomalies from other national registers, such as the Medical Birth 
Register, the Care Register for Health Care and Statistics Finland cause-of-death 
statistics, all with high accuracy and 100% country coverage (Greenlees et al. 2011, 
Register of Congenital malformations, Sund 2012).  
There are just a few population-based studies on limb deficiencies (upper and 
lower limbs) (Froster-Iskenius and Baird 1989, Aro et al. 1982, Kallen et al. 1984, 
Calzoari et al. 1990, Evans et al. 1994, Forrester and Merz 2003, Koskimies et al. 
2011, Klungsoyr et al. 2019). These studies have reported a prevalence of limb 
reduction defects that varies between 4.4 and 12.8 per 10,000 births. During their 
first month of life, 4.2% of the patients with limb deficiency died and 5.5% during 
their first full year (Klungsoyr et al. 2019).  
The proportion of associated anomalies has varied between different studies 
from 12% (Calzoari et al. 1990) to 83% (Forrester and Merz 2003). A population-
based study from Norway reported an increasing trend of associated anomalies from 
1970 to 2016; 7% had a chromosomal syndrome. Cardiac defects were the largest 
group of associated anomalies (12.4%) followed by anomalies in the digestive and 
central nervous system (both 9.3%). (Klungsoyr et al. 2019)  
Congenital lower limb deficiencies include a wide variety of different 
manifestations from one toe missing to an entire lower limb missing. The treatment 
of these disorders varies by deformity (Gillespie and Torode 1983, Fernandez-
Palazzi et al. 1998, Spiegel et al. 2003, Westberry and Davids 2009, Birch et al. 
2011, Paley 2016 a and b, Kulkarmi et al. 2019). There are no population-based 
studies on hospital admissions and the need for surgical treatment.  
Today, different organizations monitor birth defects (e.g., ISBDSR, EUROCAT, 
Register of Congenital Malformations) in an effort to conduct national and 
worldwide surveillance and research on the occurrence and causes of congenital 
anomalies. The ultimate purpose is to prevent defects and to moderate the 
consequences of birth defects to the individuals and society (ICBDSR, EUROCAT, 
Register of Congenital Malformations). 
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2 Review of the literature 
2.1 Human prenatal development 
Cell division, migration, programmed cell death (apoptosis), differentiation, growth 
and cell rearrangement transform the fertilized oocyte (zygote) into a multicellular 
human being. The phase from fertilization to birth is divided into two periods: 
embryonic and fetal. The embryonic period lasts from the third to the eighth week 
of gestation and during that period most developmental advances take place. The 
fetal period consists of differentiation and growth of tissues and organs and the rate 
of body growth increases. Development is also divided to phases of growth, 
morphogenesis and differentiation. (Moore et al. 2016)  
2.1.1 Organogenetic development 
During the first three weeks of gestation major developmental events occur, such as 
the incipient development of the nervous and cardiovascular systems. However, all 
major external and internal structures become established during the fourth to the 
eighth week. This period is called the organogenetic period. At the end of this phase, 
the embryo has a human appearance and all major organ systems begin to develop 
but their function is minimal, with the exception of the cardiovascular system which 
functions already at that time. (Moore et al. 2016) 
The organogenetic phase is a phase of rapid differentiation and therefore it is the 
phase when the developing organism is most sensitive to teratogens. (Moore et al. 
2016) 
2.1.2 Limb development 
The appendicular skeleton (upper and lower limbs, pelvic and shoulder girdle) 
develops from the lateral plate mesoderm, which is split into a paraxial and a somatic 
part. The mesenchymal cells in the lateral mesodermal plate are activated and limb 
buds start to grow. At the same time, each tissue (cartilage, bone and muscle) starts 
to develop and differentiate. The mesenchyme, derived from the somatic layer of the 
lateral plate mesoderm, is the source of the skeletal components which form the 
Johanna Syvänen 
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bones and connective tissues of the limb. The paraxial mesenchyme is the source of 
the muscular component. The mesenchyme in the limb bud also gives rise to 
ligaments and blood vessels. (Moore et al. 2016, Bermejo-Sanzhez et al. 2011a).  
The limb buds form deep and thick band of ectoderm called the apical ectodermal 
ridge (AER). The buds first appear as small bulges on the ventrolateral body wall. 
The upper limb buds become visible first, by day 24, and the lower limb buds appear 
one or two days later. Each limb bud consists of a mesenchymal core of mesoderm 
covered by a layer of ectoderm. (Moore et al. 2016)  
When the mesenchyme proliferates, the limb buds elongate. The earliest stages 
of limb development are the same for the upper and lower limbs. Differences 
between the limbs start to arise later in agreement with their specific future functions. 
The upper limb buds develop opposite the caudal cervical segments and the lower 
limb buds opposite the lumbar and upper sacral segments. By six weeks, hand and 
foot plates appear and over the next two weeks (week 7 and 8), digital rays and digits 
can be seen. At the tip of each digital ray, a part of the AER induces development of 
the mesenchyme into the mesenchymal primordia of the bones (phalanges). The 
areas between the digital rays are occupied by loose mesenchyme which will soon 
break down to form notches between the digital rays. (Moore et al. 2016, Bermejo-
Sanzhez et al. 2011a) 
Chondrification starts in week 5 as chondrification centers appear. By the end of 
the sixth week, the entire limb is cartilaginous. First, there is a hyaline cartilage 
precursor forming the skeleton of the limbs. The precursor ossifies by the end of the 
embryonic period. Osteogenesis of long bones begins in the seventh week from 
primary ossification centers. Ossification centers are present in all long bones by 
week 12. (Moore et al. 2016, Bermejo-Sanzhez et al. 2011a) 
Early in the seventh week, the limbs extend ventrally. Initially, the flexor aspect 
of the limbs is ventral and the extensor aspect is dorsal. The upper limbs rotate 
laterally through 90 degrees on their longitudinal axis and the lower limbs rotate 
medially through almost 90 degrees. Developmentally, the radius and tibia are 
homologous bones, as are the ulna and fibula. The thumb and the big toe have also 
the same developmental field. (Moore et al. 2016)  
2.2 Teratologic terms 
2.2.1 Malformation, deformation, disruption and dysplasia 
Deviations in morphogenesis can lead to abnormal development. There are four main 
types of birth defects. (Moore et al. 2016)  
Malformation is a morphologic defect of an organ, part of an organ or larger 
region of the body due to an intrinsically abnormal developmental process.  
Review of the literature 
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Disruption is a morphologic defect of an organ, part of an organ or a larger 
region of the body due to extrinsic factors (e.g. exposure to teratogens) which 
interfere with what originates as a normal developmental process.  
Deformation is an abnormal form, shape or position of a part of the body. The 
embryo or fetus is normal but mechanical forces (e.g. uterine constraint) alter 
morphogenesis. 
Dysplasia is an abnormal organization of cells in tissues resulting in abnormal 
tissue morphology. Dysplasia is the process and the consequence of abnormal tissue 
formation.  
Other descriptive terms used to describe infants with multiple anomalies are 
(Moore et al. 2016):  
Polytopic field defect is a pattern of defects. It is due to a disturbance of a single 
developmental field.  
Sequence is a pattern of multiple defects due to a single known or presumed 
structural defect or mechanical factor.  
Syndrome is a pattern of multiple defects. All defects are thought to be 
pathogenetically related and are not known to represent a single sequence or a 
polytopic field defect.  
Association is not a polytopic defect, a sequence or a syndrome, but denotes 
multiple defects which occur nonrandomly in two or more individuals.  
2.3 Definition of birth defect and congenital limb 
deficiency 
The International Clearinghouse of Birth Defects Surveillance and Research 
(ICBDSR) defines a birth defect as any structural or functional anomaly which is 
manifested at any age. It is environmental or genetic by nature (inherited or not) and 
is due to causes acting before birth.  
The ICBDSR defines a limb deficiency as a congenital malformation 
characterized by total or partial absence or severe hypoplasia of skeletal structures 
of a limb. It includes femoral hypoplasia (Q72.5) but excludes mild hypoplasia with 
retained normal shape of skeletal parts, brachydactyly, finger or toe reduction 
directly associated with syndactyly (Q70.-), skeletal dysplasia (Q77.-) and 
sirenomelia (Q87.2). (ICBDSR) 
2.4 Birth defect monitoring systems 
In Finland, the Register of Congenital Malformations at the Finnish institute for 
health and welfare (THL) was established in 1963 as a consequence of the 
thalidomide catastrophy. The Register continuously monitors the prevalence and 
Johanna Syvänen 
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types of congenital anomalies. The goal is to identify early any new teratogens 
(environmental factors) that could cause birth defects. Another task is to prevent 
congenital anomalies by influencing these factors. The Register uses statistical data 
for monitoring congenital anomalies nationally and regionally and for planning 
prenatal screening and diagnostics of congenital anomalies. The data can also be 
used for planning the treatment of congenital anomalies, and for conducting research 
on congenital anomalies. The data on congenital anomalies is collected to the 
Register of Congenital Malformations pursuant to the Act on Nationwide Health 
Care Registers (566/1989, Sections 2 and 3) and the subsequent Statute (774/1989, 
Sections 1 and 8) as well as to the Act on the National Institute for Health and 
Welfare (668/2008, Section 2). (Register of Congenital Malformations) 
The ICBDSR is a voluntary non-profit International Organization under World 
Health Organization (WHO). ICBDSR brings together birth defect surveillance and 
research programs globally. The organization was established in 1974 in Helsinki 
and has now 42 member organizations worldwide. ICBDSR conducts worldwide 
surveillance and research of birth defects. The aim is to prevent defects and to 
decrease their impact. (ICBDSR)  
EUROCAT (European network of population-based registries for the 
epidemiological surveillance of congenital anomalies) is a European network of 
population-based registries for epidemiologic surveillance of congenital anomalies. 
It was founded in 1979. It surveys more than 1.7 million births per year in Europe 
and includes 39 active registries with 33 full and six associate members in 21 
countries; and 29% of the European birth population is covered. It is also a WHO 
collaborating Centre. EUROCAT provides epidemiologic information, facilitates 
early warning of new teratogenic exposures and evaluates the effectiveness of 
primary prevention and prenatal screening. (EUROCAT)    
2.5 Human birth defects 
Congenital birth defects may be single or multiple and be of major or minor clinical 
significance. Minor single defects occur in approximately 14% of all neonates and 
may be indicators of associated major defects. When the child has three or more 
minor defects, 90% have also one or more major defect. Major defects are much 
more common in young embryos (10–15%) and most of them abort spontaneously. 
(Moore et al. 2016)  
The annual prevalence of anomaly cases in Finland in 2010–2014 was, on 
average, 543/10,000 births or 3,231 cases annually. The total prevalence of anomaly 
cases (per births and terminations of pregnancy performed for fetal indications) was 
546/10,000 births in 2014. Major congenital anomalies occurred in 2,822 stillborn 
and live born infants in 2014. Anomalies occurred in around 5% of live born and 
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18% of stillborn infants. Of the stillborn infants and infants who died during their 
first year of life, 36% were diagnosed with a congenital anomaly.  
The causes of birth defects can be divided into three categories: genetic factors 
(e.g., chromosomal abnormalities), environmental factors and multifactorial 
inheritance in which genetic and environmental factors act together. In over half of 
the cases the cause is unknown. (Moore et al. 2016)  
Mutations cause approximately one third of all defects. Two kinds of changes 
occur in chromosomes: numeric (aneuploidy, polyploidy) and structural 
(translocations, deletions). These changes may affect the sex chromosomes as well 
as the autosomes. Approximately 8% of all birth defects are caused by gene defects. 
The mutation rate is apparently influenced by a number of environmental agents. 
Mutations or alterations in signaling pathways can also lead to human birth defects. 
(Moore et al. 2016)  
In 7–10% of the cases, an environmental factor is identified as the cause of the 
birth defect. A teratogen is an agent that can produce a birth defect or increase the 
incidence of a defect in the population. Environmental factors may mimic genetic 
conditions and it is important to understand that not everything that is familial is 
genetic. When considering the possible teratogenicity of a drug or chemical there are 
three things to consider: critical periods of development, dose of the drug or chemical 
and the genotype of the embryo. (Moore et al. 2016)  
2.6 Etiology and risk factors for congenital limb 
deficiencies 
There may be a number of different causes for congenital limb deficiencies. 
Amniotic bands or disruption of the arterial supply (e.g., thrombi from the maternal 
placenta) may affect the limb buds and cause limb amputation in utero (Holmes et 
al. 2018). Limb development might also be affected by environmental factors and 
errors in the genetic control of limb development may occur (Ghanem 2008). 
Teratogens, notably such as thalidomide, may cause vessel failure and are linked 
causally to limb malformations through vascular loss (Therapontos et al. 2009, 
Vargesson 2015). 
2.6.1 Thalidomide 
Thalidomide was invented in the 1950’s and it was used as a non-addictive, non-
toxic, non-barbiturate sedative. In at least 46 countries pregnant mothers used it to 
treat morning sickness (Vargesson 2015, 2019). There were soon reports of limb 
abnormalities (phocomelia, dysmelia, amelia, bone hypoplasticity) and other 
congenital defects (ear, heart and internal organs) after a single dose of thalidomide 
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during gestation (Smithells and Newman, 1992, Vargesson 2015, 2019). The risk for 
teratogenic effects of thalidomide was highest 3–8 weeks after conception, and half 
of the pregnancies with thalidomide exposure resulted in malformed children. 
(Mellin and Katzenstein 1962, Lenz 1988, Smithells and Newman 1992) It is 
estimated that almost 12,000 children worldwide were born with malformations 
caused by thalidomide (Moore et al. 2016). The teratological mechanism of 
thalidomide is still unresolved. It is a complex drug and it has active metabolites, 
which affect the inflammatory pathways, the immune system and the vascular 
system (Franks et al. 2004, Vargesson 2015, Vargesson 2019). Thalidomide and its 
analogs are currently used to treat leprosy, several autoimmune diseases and multiple 
myeloma, but the use of these drugs is strictly controlled (Gordon and Goggin 2003; 
Vargesson 2015). 
2.6.2 Genetics 
Human genetics has identified or localized many genes connected to the 
development of limbs (Manouvrier-Hanu et al. 1999), but still only little is known 
about the genetic etiology of non-syndromic congenital limb deficiencies (Cleves et 
al. 2011, Bedard et al. 2018). It is, nevertheless, known that birth defects are likely 
to recur in families. In families there are shared genetic factors but also shared 
environmental factors. The relative risk of congenital limb deficiency among 
children to mothers with a limb defect was 5.6 (p=0.05) in a population-based study 
from Norway. (Skjaerven et al. 1999).  
Many studies have explored the contribution of genetic factors to the 
development of congenital limb deficiencies (Hwang et al. 1998, Carmichael et al. 
2004, Carmichael et al. 2006a and b, Carli et al. 2013, Furniss et.al 2009, Vergult 
et al. 2013, Carter et al. 2017, Zhang et al. 2017). The possibility of a genetic 
etiology for upper limb defects (Furniss et al. 2009, Carli et al. 2013) and radial 
ray defects (Vergult et al. 2013) has been explored. In the study of Carli et al. 
(2013) 41% of the cases had a genetic etiology. Carter et al. (2017) explored SNP 
(single nucleotide polymorphisms) mutations in split hand and foot cases. Zhang 
et al. (2017) reported genetic variations in subjects with the VATER / VACTERL 
syndrome.  Single nucleotide polymorphisms (SNP) raises the risk of limb 
deficiency (Carmichael et al. 2006a). Cleves et al. (2011) reported changes in SNPs 
in patients with congenital limb deficiency. Maternal smoking and / or lack of 
multivitamin supplement intake increased the risk of limb deficiencies in genetic 
variants. (Carmichael et al. 2006b, Cleves et al. 2011) There are also reports of 
lower limb involvement (tibial and femoral deficiency) in VACTERL syndrome 
(Castori et al. 2008, Santos et al. 2013). 
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2.6.3 Other risk factors related to pregnancy and the mother 
2.6.3.1 Birth weight, duration of pregnancy, mortality, maternal parity and 
gender distribution  
Various pregnancy-related and maternal factors may be associated with congenital 
limb deficiencies (Froster and Baird 1993b, Polednak and Janerich 1985, Aro 1983, 
Aro et al. 1983, Källen 1989, Rogala et al. 1974). Polednak and Janerich (1985) studied 
the pregnancy characteristics in a case-control study. The mean birth weight and mean 
duration of gestation were significantly lower in the group of subjects with limb 
deficiency. The results in the study of Aro et al (1983) were similar. In that study, the 
duration of gestation was significantly shorter in the whole study population and in 
isolated cases especially in cases with associated anomalies. A low birth weight was 
associated with limb deficiency. Stoll et al. (1996) reported that the mean weight of 
newborns with multiple malformations was statistically significantly lower than the 
mean birth weight of the children with an isolated congenital limb deficiency. There 
was also a statistically significantly higher rate of prematurity in the group carrying 
multiple malformations than in the group with isolated malformations (Stoll et al. 
1996). Low birth weight and preterm delivery were more common among newborns 
with limb deficiency in the study of Klungsoyr et al. (2019).  
The frequency of neonatal or perinatal death has been reported to be significantly 
higher among subjects with congenital limb deficiency than among non-malformed 
controls. (Polednak and Janerich 1985, Aro et al. 1983). Aro reported (1983) there 
was no statistical difference in isolated limb deficiency cases. The study of 
Klungsoyr et al. (2019) reported that the risk of stillbirth was 7.4 times higher, 
neonatal mortality around 10 times higher and infant mortality 8.6 times higher 
among infants with congenital limb deficiency compared to infants without.  
Klungsoyr et al. (2019) reported that there were significantly more primiparous 
women giving birth to children with congenital limb deficiency than multiparous 
women. Werler et al. (2009) reported that nulliparity increased the risk for amniotic 
bands, but not for terminal transverse reductions. The data of Duong et al. (2012) 
suggested that with increasing parity the risk of limb deficiencies decreases.  
Male preponderance seems to be the rule concerning malformations in both the 
upper and lower limbs. (Bedard et al. 2018, Vasluian et al. 2013, Stoll et al. 1996, 
Forrester and Merz 2003, Rosano et al. 2000, Klungsoyr et al. 2019) 
2.6.3.2 Invasive fetal investigations 
Amniocentesis and chorionic villus sampling (CVS) increase the risk of miscarriage 
(Tabor et al. 1986, Smidt-Jensen et al. 1992). If amniocentesis is done very early in 
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pregnancy (before 14 weeks) fluid leakage may result. The amniotic fluid find its 
way between the membranes because the amnion and chorion have not fused at this 
early stage of pregnancy. This could affect the development of the limbs. 
(Cederholm et al. 2005) An increased risk of musculoskeletal anomalies including 
clubfoot and hip dislocation after amniocentesis prior to 14 weeks of gestation has 
been reported, but no increase in limb reduction defects (Cederhom et al. 2005).  
Firth et al. (1994) reported an association between very early chorionic villus 
sampling (performed earlier than 90 days of gestation) and limb reductions. In the 
data of Olney et al. (1995), there was a six-fold increase in the risk for transverse 
digital deficiency (Olney et al 1995) after early CVS. Other studies have not found 
a similar correlation (Froster and Jackson 1996, Cederholm et al. 2005). According 
to the review of Brambati and Tului (2005) there was no increased risk of limb 
reduction after CVS. In a report on CVS safety, Kuliev et al. (1996) noted that when 
CVS is performed between 9 and 12 weeks of gestation, it is safe with regards to 
limb reduction defects. Golden et al. (2003) suggested that the abnormalities 
observed in connection with CVS are similar to those reported in children with 
amniotic-band deformities of unknown etiology. They concluded that at least some 
limb deficiency cases may result from disruption of the amniotic membrane. (Golden 
et al. 2003)  
2.6.3.3 Maternal overweight and age 
Maternal obesity is associated with pregnancy complications and adverse 
reproductive outcomes. (Galtier-Dereure et al. 2000, Prentice and Goldberg 1996, 
Watkins et al. 2003, Stothard et al. 2009). Pregestational maternal diabetes is 
associated with structural birth defects. A similar mechanism related to alterations 
in glycemic control may cause the associations between obesity and birth defects. 
(Becerra et al. 1990, Stothard et al. 2009)  
Oddy et al. (2009) reported a two-fold increase in limb deficiencies in the 
pregnancies of women with pregestational obesity. In the same study, underweight 
was also associated with a non-significantly increased odds ratio for congenital limb 
deficiency. The estimated proportion of congenital limb deficiencies attributable to 
maternal obesity was 12%. Persson et al. (2017) reported that all adjusted risk ratios 
for malformations of limbs and other organ systems increased with increasing 
maternal BMI.  
Waller et al. (2007) divided limb reduction defects into isolated and multiple. In 
the multiple group, the risk for a limb reduction defect was almost two-fold in obese 
(BMI >30) women compared to normosomic women. The systematic review and 
meta-analysis made by Stothard et al. (2009) concluded that obese mothers have a 
1.3-fold risk of giving birth to a child with congenital limb deficiency.  
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Rogala et al. (1974) found that young parental age is associated with transverse 
limb reduction defects and Klungsoyr et al. (2019) reported that young as well as old 
maternal age (adjRR 1.3/adjRR 1.6) is associated with limb reduction defects.   
2.6.3.4 Maternal diabetes 
Poorly controlled PGDM (pre-gestational diabetes mellitus) implies maternal 
hyperglycemia before conception and during the first trimester. This condition is 
associated with major birth defects in 5–10% and with spontaneous abortions in 15–
20% of all pregnancies. (Reece et al. 2012) The risk of infant malformations is 
increased three- to four-fold in women with PGDM or gestational diabetes and 
fasting hyperglycemia (Sheffield et al. 2002). A meta-analysis from 2015 showed 
that the RR for congenital malformations is 2.4 in PGDM and 1.11 in gestational 
diabetes (Zhao et al. 2015).  
In a few studies diabetes has been associated with congenital limb deficiencies 
(Polednak and Janerich 1985, Åberg et al. 2001, Froster and Baird 1993b, Källen 
1989, Correa et al. 2008, Klungsoyr et al. 2019, Dukhovny et al. 2018, Liu et al. 
2015). On the other hand, while there was no association between diabetes and limb 
defects in the study of Nielsen et al. (2005), there were strong associations with renal 
agenesis, obstructive abnormalities of the urinary tract, cardiovascular anomalies 
and multiple congenital anomalies. Earlier studies (Polednak and Janerich 1985, 
Froster and Baird 1993b) have not provided statistical calculations on the association 
between diabetes and limb reductions. Becerra et al. (1990) reported a significant 
association between limb flexion contractures and diabetes. In the study of Correa et 
al. (2008) PGDM increased the risk of longitudinal limb deficiency six- to seven-
fold. In a newly published study of Klungsoyr et al. (2019), maternal PGDM 
increased the risk of congenital limb deficiency three-fold and in the data of 
Dukhovny et al. (2018) the same corresponding figure was almost five-fold. In 
addition to these studies there are case reports which imply a connection between 
congenital limb deficiency and maternal diabetes (Hitti et al. 1994, Boyukkayhan et 
al. 2007, Lynch and Wright 1997).  
2.6.3.5 Maternal hypertension 
Maternal hypertension is related to the risk of birth defects, e,g., congenital heart 
defects and hypospadias (van Gelder et al. 2015, Bateman et al. 2015). There is a 
20–30% increase in the risk of congenital malformations with maternal hypertension 
(both treated and untreated) (Bateman et al. 2015). An important but not fully 
resolved question is whether it is the disease or the medications which increase the 
risk of birth defects (Bateman et al. 2015, Fisher 2017).  
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There are reports of patients with limb defects being delivered by toxemic 
women (Polednak and Janerich 1985, Rogala et. al. 1974). Bellizzi et al. (2016) 
reported significantly increased odds ratios for limb anomalies in chronic 
hypertension and in pre-eclampsia superimposed on chronic hypertension.  
2.6.3.6 Other maternal diseases 
Polednak and Janerich (1985) reported that maternal thyroid conditions were 
associated with congenital limb deficiencies. Källen (1989) found no association. A 
Finnish study (Aro 1983) reported that maternal influenza during the first trimester 
is significantly associated with isolated as well as with all limb reduction defects. 
The OR for fever was 1.6 and for influenza 1.9. Goiter and rheumatoid arthritis were 
weakly associated with limb reductions. Maternal influenza exposure during the first 
trimester was analyzed in a recent systematic review and meta-analysis: Exposure 
was associated with an increased risk of any congenital anomaly, including limb 
reduction defects (OR 2.03, 95%CI 1.27–3.27). (Luteijn et al. 2014) 
2.6.3.7 Maternal medications 
In Finland Lahesmaa-Korpinen et al. (2014) reported that maternal drug use was 
common during pregnancy; half of the women giving birth had purchased at least 
one prescribed drug just before pregnancy or during the pregnancy and a quarter 
during the first trimester. 
With maternal medications it is often impossible to determine whether the birth 
defect is associated with the medication or with the condition which the medication 
is prescribed for (Crider et al. 2009, Bateman et al. 2015, Fisher 2017).  
Antibiotics are the most used medications during pregnancy (Lahesmaa et al. 
2014). Crider et al. (2009) found that women who have children with intercalary 
limb defect were three times more likely to report use of penicillins. In the same 
study erythromycin and sulfonamides were associated with higher risk for transverse 
limb deficiency.  
Fetuses exposed to antiepileptic drugs are at risk for major congenital 
malformations (Tomson et al. 2018). There is a dose dependency for lamotrigine, 
carbamazepine, valproate and phenobarbital (Tomson et al. 2018). The 
teratogenicity of carbamazepine is quite specifically related to spina bifida (Jentink 
et al. 2010a). Valproic acid monotherapy is also associated with spina bifida and 
many other congenital malformations, including limb defects (Jentink et al. 2010b). 
Prenatal exposure to phenytoin and phenobarbital may increase the risk of midface 
hypoplasia and digit hypoplasia (Holmes et al. 2001, Harvey et al. 2003), but digit 
hypoplasia does not usually affect the toes (Bokhari et al. 2002).  
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In the 1960’s and 1970’s, many studies reported an association between sex 
steroids and congenital limb reductions and other congenital malformations 
(Janerich et al. 1974, Czeizel et al. 1983, Heinonen et al. 1977). There were also 
contrary reports (Lammer and Cordero 1986). These associations have been reported 
to be unreliable (Brent 2005). Charlton et al. (2016) found no association between 
maternal contraceptive use and birth defects in a prospective, nationwide cohort 
study.  
Hernandez et al. (2012) reported that aspirin and ibuprofen exposure was 
associated with amniotic band and limb body wall complex. Before that, also Werler 
et al. (2009) published similar results. Hernandez et al. also reported that there may 
be a two-fold increased risk of transverse limb deficiencies after naproxen use in 
pregnancy.  
There is an increasing trend of ADHD among in adults (Anderson et al. 2018 
and 2020) and ADHD medication is used during pregnancy. (Anderson et al. 2018 
and 2020) In one study the use of ADHD medication was associated with an 
increased risk for transverse limb deficiencies (Anderson et al. 2018 and 2020).  
2.6.3.8 Smoking 
The association between active maternal cigarette smoking and various birth defects 
has been studied (Shi et al. 2009, Räisänen et al. 2014). Aro (1983) found a 
significant association between limb reduction defects and maternal smoking of 
more than five cigarettes per day. A similar result was reported by Källen et al. 
(1997). Czeizel et al. (1994) reported that in terminal transverse defects, the adjusted 
rate of maternal smoking during pregnancy was significantly higher in isolated 
congenital limb deficiencies than in matched controls. Maternal active smoking and 
exposure to passive cigarette smoke are potential teratogens which impact limb and 
digit formation (Caspers et al. 2013). The use of folic acid supplementation does not 
reduce the teratogenic effect of smoking (Caspers et al. 2013). There is also evidence 
that genetic susceptibility may modify the teratogenic effect of smoking (Hwang et 
al. 1998, Carmichael et al. 2004).  
Maternal exposure to secondhand smoke has also been studied. A significant 
positive association was found between any passive cigarette smoke and amniotic 
band syndrome-limb-bodywall complex (ABS-LBWC), but there was no significant 
association between limb deficiencies and secondhand smoke. (Hoyt et al. 2016) 
2.6.3.9 Alcohol  
There are some studies on the influence of alcohol consumption on limb reduction 
defects. (Aro et al. 1983, Froster and Baird 1992, Caspers Conway et al. 2014, 
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Martinez-Frias et al. 2004). In the Finnish study from 1964 to 1977, there was a 
significant association between alcohol consumption and limb deficiencies (Aro et 
al. 1983). In the study by Martinez-Frias (2004) the occurrence of limb reduction 
defects was statistically significantly associated with high, sporadic doses of alcohol 
(OR 7.16 (95% CI, 0.89 –155.3; p=0.03). Caspers Conway et al. (2014) on the other 
hand found no teratogenic associations between alcohol and limb reductions.  
2.6.3.10 Infertility treatments 
The rate of congenital malformations is increased among infants born after in vitro 
fertilization (IVF) (Hansen et al. 2013). Belva et al. (2008) reported doubling of the 
malformation rate after cryopreserved intracytoplasmic sperm injection (ICSI). 
Hansen et al. (2013) concluded that after ART (artificial reproductive technologies) 
there was increased risk of birth defects compared to natural conceptions. On the 
other hand, more recent evidence suggests that there is no difference in perinatal 
outcomes or congenital malformation in ICSI children compared to naturally 
conceived children (Pereira et al. 2017). 
A population-based study from Sweden found an increased risk for limb 
reduction defects after IVF (OR 1.86; 95% CI; 1.04–3.07) (Källen et al. 2010). In 
the study of Davies et al. (2012), the odds ratios for musculoskeletal abnormalities 
were almost two and a history of infertility either with or without assisted conception 
was significantly associated with birth defects. (Davies et al. 2012). It is not known 
whether ART treatment or parental subfertility is the cause for birth defects (Hansen 
et al. 2013, Berntsen et al. 2019)  
2.6.3.11 Antioxidants 
Folic acid supplementation prevents neural tube defects (Czeizel and Dudas 1992, 
Botto et al. 2004). The risk reduction is around 20 per cent according to a study by 
Erickson (1991) and 47 per cent in a Hungarian randomized trial (Czeizel 1998). 
Maternal use of multivitamin supplements containing folic acid may also modify the 
associations between other risk factors for congenital anomalies (e.g., maternal 
fever, smoking and diabetes) (Shaw et al. 2002, Correa et al. 2003).  
Yang et al. (1997) reported that the periconceptional use of multivitamins lowers 
the estimated risk of having a child with limb deficiency. They also noted that the 
degree of protective effects varies between different types of limb defects. The 
lowest risk was associated with transverse limb defects. Shaw et al. (1995) and 
Klungsoyr et al. (2019) reported that women who take multivitamins or folate 
supplements have a 30 per cent lower risk for delivering a child with limb defect. 
Reduction of the incidence of upper limb defects after folic acid fortification has also 
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been reported by Canfield et al. (2005). Botto et al. (2004) calculated the number of 
cases potentially preventable by periconceptinal multivitamin use. They used three 
parametres: the highest and lowest published point estimates and an estimate of 
defect occurrence rates per 1,000 births. They arrived at the following figures for the 
OR for limb defects: 0.64, 0.19 and 0.5/1,000, respectively.  
Rich dietary intake of antioxidants is also associated with a reduced risk for limb 
deficiencies (Pace et al 2018). 
2.6.3.12 Environmental pollutants 
Some teratogens cause oxidative stress which may be the reason for birth defects 
(Hansen 2006). Brender et al. (2014) reported an association between maternal 
residential proximity to industrial air emissions of chlorinated solvents and limb 
deficiency but the odds ratios were close to one. There is also evidence that exposure 
to outdoor air SO2 during the first trimester may increase the risk of limb reduction 
defects (Lin et al. 2014). Despite a low statistical power in the study of Vinikoor-
Imler (2013), there might be an association between air pollution and lower limb 
deficiencies. Other studies have not found any increased risk between limb defects 
and air pollutants (Rankin et al. 2009, Dolk et al. 2010). 
2.7 Classification and prevalence of lower limb 
deficiencies 
2.7.1 Common classifications 
Frantz and O’Rafilly (1961) published the first classification system in the 1960’s 
and introduced the terms terminal transverse, terminal longitudinal, intercalary 
transverse and intercalary longitudinal. In the original system there were also 
descriptive terms: hemimelia, peromelia, ectromelia, phocomelia, and dysmelia.  
Nowadays the term transverse defect is used for complete absence of the distal 
structures with the proximal structures intact. It involves all axes of the limb, whereas 
a longitudinal defect involves the preaxial, postaxial or central axes of a limb. The 
term is used by many classifications (Calzolari et al. 1990, Evans et al. 1994, 
EUROCAT guide 3 2004, Gold et al. 2011, NBDP guidelines 2017).  
The term intercalary deficiency is included in many systems (EUROCAT guide 
3 2004, Gold et al. 2011, Bedard et al. 2015, NBDPN Guidelines 2017) and describes 
that bones proximally and distally from the defect are normal or nearly normal.  
A preaxial defect usually means tibia, first metatarsal and first phalanx with 
analogy for the hand. Gold et al. (2011) also included digit two or even digit three 
with preaxial defects. Postaxial defects, on the other hand, are those of fibula, fifth 
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metatarsal and fifth phalanx (with analogy for the hand). Stoll et al. (1998) also 
included digits or toes two to five with postaxial defects and in Gold’s system (2011) 
digits or toes three to five are included.  
There are only a few studies that define split foot or hand: absence of central toes 
or digits with or without absence of central metatarsal or metacarpal bones, possibly 
associated with syndactyly of other toes or digits. (Calzolari et al. 1990, Czeizel et 
al. 1991, Lin et al. 1993, and EUROCAT guide 3 2004). There are two subtypes of 
split malformations. The first one is a foot or a hand divided by a cone shaped cleft. 
The mildest form is that the third toe or digit is missing but the third metatarsal or 
metacarpal bone is intact. The second type of split malformation is monodactyly, 
where the foot or hand lacks the central and tibial /radial toes/digits, there is no cleft 
and there is only one toe/digit left (usually the fifth). (Lowry and Berard 2016) Other 
studies classify second, third and fourth ray defects as central longitudinal 
deficiencies (Berard et al 2015, Gold et al. 2011). Split hand or foot malformations 
have a strong genetic backround and some classifications use this term only when 
there is a positive family history. (Berard et al. 2015, Lowry and Berard 2016) 
Comparing the subtypes of anomalies between the studies is difficult due to 
different classifications (Bedard 2018, Lowry and Bedard 2016). Most cases had 
longitudinal deficiency (longitudinal preaxial, postaxial and central) in Bedard study 
(2018). Preaxial longitudinal has been the most frequent class in other studies 
(Rosano et al. 2000, Evans et al. 1994). In the EUROCAT classification (EUROCAT 
guide 3 2004) terminal transverse reductions have been the most common ones 
(Table 1).  
Upper extremities are more commonly affected than the lower extremities (Aro 
et al. 1982, Calzoari et. al. 1990, Vasluian et al. 2013, Koskimies et al. 2011, Bedard 
et al. 2015). 
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Table 1.  Percentages and prevalences of lower limb anomalies subclasses according to the 
EUROCAT classification (EUROCAT guide 3 2004 system (2004). 
ANOMALY CALZOARI ET AL. 1990 VASLUIAN ET AL. 2013 





0.8 per 10,000 births 
75 (50%) 
1.5 per 10,000 total 
births 
25 (22%) 
0.3 per 10,000 live 
births 
POSTAXIAL REDUCTION 5 (17%) 
0.3 per 10,000 
39 (26%) 
0.8 per 10,000 
19 (16%) 
0.3 per 10,000 
PREAXIAL REDUCTION 0 (0%) 
0 per 10,000 
16 (11%) 
0.3 per 10,000 
11 (9%) 




0.3 per 10,000 
22 (15%) 
0.4 per 10,000 
18 (16%) 
0.2 per 10,000 
MULTIPLE REDUCTIONS 3 (10%) 
0.2 per 10,000 
17 (11%) 
0.3 per 10,000 
10 (9%) 




0.1 per 10,000 
16 (Central) (11%) 
0.3 per 10,000 
33 (28%) 
0.5 per 10,000 
UNKNOWN REDUCTION - 2 (1%) 
0.04 
- 
TOTAL 29 (lower limbs + both) 149 (lower limbs) 116 (lower limb + 
both) 
NUMBER OF BIRTHS IN 
THE STUDY 
173109 
1.7 per 10,000 births 
497751 
3.0 per 10,000 births 
720047 
1.6 per 10,000 live 
births 
2.7.2 Prevalence of congenital lower limb deficiencies 
There are only a few population-based studies on the prevalence of limb (upper and 
lower) deficiencies (Froster-Iskenius and Baird 1989, Aro et al. 1982, Källen et al. 
1984, Froster and Baird 1993a, Evans et al. 1994, Forrester and Merz 2003, Calzoari 
et al. 1990, Lin et al. 1993, Vasluian et al. 2013, Berard et al. 2015, Klungsoyr et al. 
2019). Based on these studies, the prevalence of limb defects (upper and lower) 
varies from 4.4 to 12.8 per 10,000 births. In addition, there are also non-population-
based studies on limb deficiencies which are based on clinical visits and hospital-
based estimates (Jones and Lipson 1991, Stewart and Jain 1995, Rijnders et al. 2000, 
McGuirk et al. 2001). Some studies have published results after combining several 
registers (Stoll et al. 1996, Rosano et al. 2000. (Table 2) 
There has been a decline in the prevalence of congenital limb deficiencies, 
according to EUROCAT registers. (Morris et al. 2018). On the other hand, a study 
from Norway reported a slight increase in prevalence of congenital limb deficiencies 
(upper and lower limbs) from 1970–1998 (4.4 per 10,000 births) to 1999–2016 (4.6 
per 10,000 births) (Klungsoyr et al. 2019). 
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ARO ET AL. 
1982* 
 1.4  1964–1977 Cases with 





  1.7 1952–1984  
FROSTER AND 
BAIRD 1993A*  
  1.1 1952–1984 Cases with amniotic 
bands or 
chromosomal or other 
syndromic cases 
excluded. Cases with 
both upper and lower 
limb reductions 
excluded 
KÄLLEN ET AL. 
1984* 
 1.6  1965–1979  
CALZOARI ET 
AL. 1990* 
 1.7  1978–1987  
WRIGHT ET AL. 
1995 
  1.3 1985–1992 Only isolated limb 
reduction defects 
included 
LIN ET AL. 1993*   1.6 1983–1987  
FORRESTER 
AND MERZ 2003* 
  1.4 1986–2000  
RINJDERS ET 
AL. 2000 
  2.1 1981–1996  
MCGUIRK ET 
AL. 2001 






1.8   2007–2011  
VASLUIAN ET 
AL. 2013* 
3.0 (lower limbs 
4.2 (lower 
limbs + both) 
  1981–2010  
BEDARD ET AL. 
2015* 








0.9 (lower limbs) 
1.3 (lower 
limbs + both) 
  1970–1998  
* Population-based studies 
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2.7.3 Long bone deficiencies 
2.7.3.1 Femur, proximal femoral focal deficiency (PFFD) 
Proximal femoral focal deficiency is a rare congenital anomaly with a birth prevalence 
of 1 in 50,000. (Fixsen and Lloyd-Roberts 1974). PFFD is characterized by failure of 
the normal development of the proximal parts of the femur. (Aitken 1969, Gillespie and 
Torode 1983, Fixsen and Lloyd-Roberts 1974). The femur is short, and this 
accompanied with other deformities of the proximal femur (coxa vara, pseudoarthrosis, 
acetabular dysplasia). The mildest form is a minimal shortening of the femur and the 
most severe form is complete absence of the femur. (Westberry and Davids 2009) 
Fibular deficiency is associated with PFFD in 50% of the cases (Koman et al. 1982) 
The most widely used classification is the one published by Aitken (1969). (Figure 
1) It divides PFFD into four categories based on radiography. In Aitken class A, the 
femur is short and there is a defect in the subtrochanteric region. The acetabulum is well-
formed. Class B is characterized by a more extensive defect or the absence of the 
proximal femur; the proximal femur is situated above the acetabulum. In Aitken class C, 
the femoral head is absent and the acetabulum is severely dysplastic, while in class D the 
femur is extremely short and the lateral pelvic wall is flat. (Aitken 1969)  
Another classification is the one of Gillespie. Here, class A is a congenitally short 
femur with a normal hip. Class B includes Aitken classes A, B and C. Gillespie class 
C corresponds to Aitken’ class D. (Gillespie and Torode 1983) Pappas (1983) also 
introduced his own system to classify these malformations.  
The literature acknowledges also the existence of distal femoral deficiency 
(Gilsanz 1983, Tsou 1982, Taylor et al. 2009)  
 
Figure 1.  Aitken classification of proximal femoral focal deficiency. In the Eurocat classification 
system, femoral deficiencies are classified as intercalary defects. 
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2.7.3.2 Tibial deficiency 
Congenital tibial deficiency is a rare condition with prevalence of 1 in 1,000,000 live 
births (Fernandez-Palazzi et al. 1998). It is characterized by partial or complete 
absence of the tibia associated with an intact but usually overgrown fibula. There 
may also be a variable degree of knee deformity and dysfunction, and frequently an 
equinovarus foot. (Litrenta et al. 2018)  
Tibial deficiencies can be classified according to Kalamchi and Dave (1985) who 
divide deficiencies into complete absence, to absence of the distal tibia and to 
diastasis of the distal tibiofibular region. In the Jones (1978) classification (Figure 
2), type 1 indicates complete absence of the tibia. In type 2 the distal tibia is missing 
and in type 3 there are diaphyseal and distal remnants of the tibia but no proximal 
tibia. Jones type 4 describes distal tibiofibular diastasis. (Jones et al. 1978)  
A newer classification system with therapeutic relevance was published by 
Weber in 2008. It takes into account the cartilaginous anlage. Weber observed that 
15% of the patients with tibial malformations had deformities which did not fit into 
the Jones classification system. Weber’s system divides tibial deficiencies into seven 
different classes (Weber 2008). However, Weber’s system has not been widely 
accepted (Clinton and Birch 2014). Recently, Paley published a classification system 
in which there are five types and eleven subtypes of tibial deficiency (Paley 2016b). 
 
Figure 2. Jones classification system of tibial deficiencies. In the Eurocat classification system, 
the tibial deficiencies are classified as preaxial defects. 
2.7.3.3 Fibular deficiency 
Fibular deficiency is the most common long bone deficiency. The prevalence has 
been estimated to be between 7.4 and 20 per 1,000,000 live births (Foster and Baird 
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1993, Rogala et al. 1974). It is characterized by total or partial absence of the fibula. 
The condition has a wide range of clinical manifestations from mild lower limb 
shortening to significant short-leggedness with deformities of the foot and ankle. 
(Achterman and Kalamchi 1979, Hamdy et al. 2014) 
Numerous classification systems have been used for patients with fibular 
deficiency. Acterman and Kalamchi introduced a classification system in 1979 based 
on radiological findings (Acterman and Kalamchi 1979). (Figure 3) Maffulli and 
Fixen (1991 and 1996) described total aplasia of the fibula and a forme fruste fibula 
which has varying degrees of shortness of the fibula and tibia.  
Birch et al. (2011) proposed a new classification system for congenital fibular 
deficiency, based on the clinical status of the foot and on the magnitude of limb 
shortening as a percentage of the contralateral limb on radiographs. The system can 
be applied in infancy and it also provides a ground for assessing treatment. The foot 
is divided into two types, based on whether the foot can be saved or not. At least 
three rays should be present for a foot to be considered as salvageable. (Birch et al. 
2011, Hamdy et al. 2014). Recently, Paley (2016a) published a new classification 
system to these patients. 
 
Figure 3.  Acterman and Kalamchi classification system of fibular deficiency. In the Eurocat 
classification system, fibular deficiencies are classified as postaxial defects. 
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2.7.4 Cleft foot 
Split hand and foot malformation affect approximately one in 18,000 individuals 
(Elliot et al. 2005). Cleft foot can be classified according to the classification system 
of Blauth and Borisch (1990). It divides cleft foot into six different types. Outside 
the system remains the monodactylous foot with a single ray and a tibial diastasis 
with central ray deficiency of the foot (Mosca 2014)  
2.7.5 Amelia, phocomelia 
Amelia is a congenital anomaly describing the complete absence of one or several 
limbs. It is a terminal transverse reduction defect (Franz and O’Rahilly 1961, 
Swanson 1976, EUROCAT guide 3 2004).  
Phocomelia is a congenital anomaly in which the proximal part of the limb is 
absent or markedly hypoplastic, with a normal or nearly normal hand or foot 
(Bermejo-Sanzhez et al. 2011b). Phocomelia is classified as an intercalary transverse 
defect according Franzt and O’Rahilly (1961). The NBDPN guidelines (2017) uses 
it as a general term for any type of intercalary limb defect. The EUROCAT 
classification does not include this term. Because of the thalidomide catastrophe it 
has been extensively used. (Lowry and Berard 2016). 
2.7.6 Sirenomelia 
Sirenomelia is a limb anomaly in which the normally paired lower limbs are replaced 
by a single midline limb. It is also associated with defects of the sacrum, anal atresia, 
abnormal genitalia and absence of kidneys (Orioli et al. 2011, EUROCAT guide 3 
2004). Sirenomelia is classified as a lower postaxial defect by Gold et al. (2011). In 
the EUROCAT system (EUROCAT guide 3 2004) it is a sequence. The Congenital 
Anomalies Surveillance System in Canada also classifies it as a separate entity 
(Bedard et al. 2015). It has also been classified separately by Stocker and Heifetz 
(1987) who classified the anomaly into seven types: I, all thigh and leg bones present; 
II, single fibula; III, absent fibulae; IV, partially fused femurs, fused fibulae; V, 
partially fused femurs, absent fibulae; VI, single femur, single tibia; VII, single 
femur, absent tibiae. 
2.8 Mortality of lower limb deficiencies 
In the study of Källen et al. (1984) the infant-mortality rate was 128 per 1,000 births 
for all limb deficiency cases. The infant mortality rate for congenital limb defects 
was 12.9% in the study of Froster-Iskenius and Baird (1989). In the same data, 85% 
of the subjects dying within the first year of life had additional malformations. More 
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recent data suggests that the mortality rate has decreased. In the study of Klungsoyr 
et al. (years 1970–2016), 82% of all subjects with limb deficiency were alive at the 
end of the study. They reported neonatal mortality rate of 4.2% and infant mortality 
rate of 5.5%. (Klungsoyr et al. 2019). Wang et al. (2011) studied the 25-year survival 
probability of children (years 1983–2006) with birth defects and in the case of lower 
limb defects the probability was 86.7% (95% CI 84.4–88.6). 
2.9 Associated anomalies with lower limb 
deficiencies 
The proportion of associated anomalies has been reported in several studies and it 
varies between 12% and 83%. (Aro et al. 1982, Froster-Iskenius and Baird 1989, 
Källen et al. 1984, Froster and Baird 1993a, Evans et al. 1994, Forrester and Merz 
2003, Calzoari et al. 1990, Stoll et al. 1996, Rosano et al. 2000, Vasluian et al. 2013, 
Bedard et al. 2018, Klungsoyr et al. 2019) Usually, the proportion has varied between 
20% and 30% (Bedard et al. 2015, Evans et al. 1994, Källen et al. 1984, Stoll et al. 
2010, Vasluian et al. 2013). Patients born with congenital limb deficiency have very 
high relative risks of non-limb reduction malformations compared to all births in the 
population. (Stoll et al. 2010)  
Stoll et al. (2010) included chromosomal and other syndromes in the calculations 
and reported that 58% of the upper and lower limb reduction cases had associated 
anomalies. A similar percentage was recorded by Froster-Iskenius and Baird (1989). 
Froster and Baird (1993) excluded all chromosomal and other syndromes after which 
20% of the live births with lower limb reduction defects had associated major 
malformations. Källen et al. (1984) reported that there was at least one non-limb 
malformation in 27% among the lower limb reduction cases in unilateral reductions 
and the percentage was higher in bilateral cases and in cases with three to four limbs 
involved. A newer study and study population of upper and lower limb deficiencies 
reported that 77.6% of the cases had associated anomalies outside the 
musculoskeletal system (Bedard et al. 2018). The chromosomal abnormalities or 
known single gene or recognized conditions have been excluded from this study. 
Klungsoyr et al. (2019) found an increasing trend of associated anomalies during the 
study years from 1970–1998 (26%) to 1999–2016 (53%). 
In the study of Bedard et al. (2018), musculoskeletal anomalies were present in 
28.6%, cardiovascular in 16.8% and gastrointestinal in 12.6% of limb deficiency 
cases. Similar results were reported by Vasluian et al. (2013): digestive, 
cardiovascular and urinary tract anomalies were the most frequent anomalies 
associated with limb deficiencies. A significant association was found only between 
digestive anomalies and limb reductions. Similar results have been reported by 
Evans et al. (1994) and Klungsoyr et al. (2019).  
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Bedard et al. (2018) reported that the preaxial group had the most significant 
associations, as had been stated also previously (Rosano et al. 2000, Vasluian et al. 
2013).  
In the study of Vasluian et al. (2013) concerning lower limb reduction defects, 
44% were isolated, 17% were MCA (multiple congenital anomalies) and 39% had a 
recognized condition (syndrome or chromosomal condition). Stoll et al. (2010) 
reported on upper or lower limb defects that 30% were associated with a recognized 
condition and 6% had chromosomal abnormalities. Klungsoyr et al. (2019) 
registered chromosomal abnormalities in 7% of the cases. Less recent figures vary 
between 5.6% and 6.4% (Stoll et al. 1992, Robert et al. 1997) for associated 
chromosomal defects. Limb reduction defects were associated with known 
hereditary disorders in 15%, with chromosome abnormalities in 6%, with specific 
malformation syndromes in 5% and with unclassified but familial phenotypes in 4% 
in the study by McGuirk et al. (2001). Trisomy 13 and 18 has been the most frequent 
chromosomal defects (upper and lower limbs together) among patients with limb 
deficiency. (Vasluian et al. 2013, Stoll et al. 2010, Stoll et al. 1996). (Table 3) 
Table 3.  Isolated, MCA and chromosomal or syndromic cases in different lower limb deficiency 





DEFECT PART OF A 
RECOGNIZED 
CONDITION 
TRANSVERSE REDUCTION 29 15 31 
POSTAXIAL 21 2 16 
PREAXIAL 4 3 9 
INTERCALARY 7 5 10 
MULTIPLE 7 2 8 
SPLIT FOOT 13 1 2 
UNKNOWN 1 1 0 
 
Vasluian et al. (2013) reported that with limb deficiency amniotic bands were 
associated in 25% of the subjects. Most had transverse reduction defects. Evans et 
al. (1994) reported an association with amniotic bands in 16% of the cases. Smaller 
numbers have been registered by Stoll et al. (2010) (1.8%) and Lin et al. (1993) 
(7.7%).  
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2.10 Treatment of lower limb deficiencies 
2.10.1 Hospitalizations for congenital birth defects 
Colvin and Bower (2009) linked population-based birth registry and hospital 
discharge data in Australia. They reported that over 80% of the children with 
congenital birth defects were admitted to hospital compared to children without birth 
defects (54%). Admissions for children with birth defects accounted 12% of all 
admissions, while only 4.6% of all live born neonates had associated major birth 
defect. In the same study, a child with a major birth defect was 2.5 times more likely 
to be admitted to hospital compared to control group.  
The burden of genetic diseases to hospital care has also been evaluated 
(McCandless et al. 2004) and some have studied hospital admissions related to 
specific congenital anomalies and syndromes (Radcliff et al. 2012, Fitzsimons et al. 
2014, Fitzgerald et al. 2013, Robbins et al. 2014, Simeone et al. 2015, Islam et al. 
2018, Razzaghi et al. 2015, Peterson et al. 2013). In a report on the burden of 
surgically treated congenital anomalies, Wu et al. (2013) reported that the burden 
was the highest for spina bifida.  
2.10.2 Hospitalizations due to congenital lower limb 
deficiencies 
There are no previous population-based studies on hospital admissions or hospital 
days due to congenital lower limb deficiencies. In the paper of Robbins et al. (2006), 
hospitalization rates of neonates with limb reductions declined after fortification of 
the foods with folic acid. The effect of childhood limb loss (congenital, malignancy 
or trauma) on healthcare utilization has been studied (Weir et al. 2010). A child with 
congenital limb deficiency had a mean of 0.3 annual hospital stays with amputation 
and 0.1 stays without. The total number of hospital nights was 7.0 with amputation 
and 2.5 without amputation. 
2.10.3 Surgical treatment 
There are no previous population-based studies on the need for surgical treatment 
among subjects with congenital lower limb deficiencies, although the surgical 
treatment of various subtypes of congenital lower limb defects have been studied and 
reported (Birch et al. 2011, Clinton et al. 2015, Ackman et al. 2013, Westberry and 
Davids 2009, Paley 2016a and b, Tani et al. 2000) 
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2.10.3.1 Proximal femoral focal deficiency 
The problems with patients with PFFD are instability of the hip, rotational 
malalignment, poor hip musculature, hip contractures and leg length discrepancy 
(Fowler et al. 1996, Aitken 1969, Ackman et al. 2013). Traditionally, the treatment 
plan has relied on the predicted limb length inequality and PFFD has been treated 
with limb lengthening, rotationplasty or amputation. In cases when there is over 50% 
of shortening or over 20 cm predicted discrepancy, the treatment of choice has been 
surgery to facilitate prosthetic fitting. Patients have been treated either 
conservatively or with distal amputations, knee fusions, rotationplasties or femoro-
pelvic arthrodesis. Milder deformities may be candidates for lengthening procedures. 
Stability of the hip and knee joint must be achieved prior to consideration for limb 
lengthening strategies. (Westberry and Davids 2009) Historically, in Gillespie’s and 
Torode’s system group 1 patients (congenital short femur) limb lengthening has been 
considered, Group 2 (Aitken types A, B, and C) patients have generally been treated 
with prosthesis after surgical limb modification and Group 3 (Aitken type D) patients 
have been managed prosthetically (Gillespie and Torode 1983, Torode and Gillespie 
1991) 
Acetabular dysplasia and proximal femoral deformity can be managed 
surgically, if there is developmental hip dysplasia. The deficiency in the acetabulum 
lies usually posteriorly in limb defect patients (Dora et al. 2004). (Westberry and 
Davids 2009) Iliofemoral fusion may be used in severely deformed hips (Aitken C 
and D) (Steel et al. 1987). A combination of resection, rotationplasty and femoro-
pelvic arthrodesis has been reported in three patients with severe congenital femoral 
deficiency (Brown 2001). Van Nes described rotationplasty for patients with 
congenital femoral deficiency in 1950 (Van Nes 1950). The goal was to fuse the 
residual knee and rotate the limb 180° so that the foot is pointed backward and the 
ankle could function as a knee joint. This procedure has been reported to give good 
long-term outcomes (Ackman et al. 2013). 
Paley has evolved his own classification system and strategy to treat these 
patients. This classification is based on lengthening and reconstruction strategies. 
Prior to lengthening, it is important to determine joint stability (hip, knee and ankle). 
Pelvic osteotomy and surgery of coxa vara may be needed. There may also be 
associated hip deformities of retroversion, hip flexion contracture and hip abduction 
contracture. The reconstructive procedure for these deformities is called the 
SUPERhip procedure (Systematic Utilitarian Procedure for Extremity 
Reconstruction). Knee instability may also require surgical treatment (SUPERknee 
procedure). After these procedures, serial lengthening surgeries are required (Paley 
and Guardo 2014).  
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2.10.3.2 Tibial deficiency 
The principle of surgical treatment of tibial deficiency is to determine the stability 
of the knee and the functionality of the extensor mechanism (Litrenta et al. 2019). 
Traditionally, Jones type Ia deficiencies have no tibia and this has been treated with 
knee disarticulation. In the other types there is theoretically a functional knee and 
the goal of treatment is to preserve the knee joint by reconstructing the proximal tibia 
and fibula. Distally, the affected limb is managed by amputation modo Syme or Boyd 
or Chopart. In Jones class 1b and 2 deficiencies, a proximal tibiofibular synostosis 
is usually used. In Jones type 3 defects, a Syme or Chopart amputation is usually 
made. A modified Syme amputation has also been used in type 4 deficiencies with 
or without reconstruction of the ankle and correction of limb length discrepancy. 
Amputation has been recommended when the child is 6 to 12 months of age. 
(Schonecker et al. 1989, Christini et al. 1993, Clinton and Birch 2014, Litrenta et al. 
2019)  
The Brown procedure (Brown 1965) means fibular centralization, but the 
longterm results have been poor in some patients ending in knee disarticulation and 
knee flexion contractures (Clinton and Birch 2014), but satisfactory results have also 
been published (Simmons et al. 1996). Other methods for knee reconstruction have 
been proposed (Weber 2002). Brown recommended surgery when the patient turns 
one year of age (Brown 1965). The Brown procedure has mostly been used to treat 
Jones type 1a patients (Litrenta et al. 2019).  
In the series of Fernandez-Palazzi et al. (1998) all patients with tibial deficiency 
were treated surgically. Clinton and Birch (2014) reported a series of 125 limbs with 
tibial deficiency. Most limbs with the type Ia deficiency were treated primarily or 
after a Brown procedure with knee disarticulation. Two patients were treated with 
knee fusion and Syme amputation. Five of type 1a patients had no surgery. Type Ib 
and II were mainly treated with the Syme amputation and tibiofibular synostosis. 
Patients with type 4 deficiency underwent the Syme amputation or reconstructive 
procedures to save their feet. 11% of the patients did not meet Jones’s classification 
criteria. (Clinton and Birch 2014)  
Some patients benefit from lengthening and reconstruction by which they obtain 
a plantigrade foot. There are a few reports on foot centralization procedures (Hosny 
2005, Wada et al. 2015). Wada et al. (2015) had a mean follow-up of 10 years. Foot 
centralization was made by calcaneofibular arthrodesis. There were 19 feet of the 
Jones I or II type and 15 required secondary surgery due to loss of correction, 
recurrent foot deformities or fibular angular deformity.  
Paley has proposed a new classification system and accompanying 
reconstruction and lengthening options for each type of defect. (Paley 2016b) Long-
term follow-up of these patients is still lacking. The first goal is to reconstruct a 
stable ankle and plantigrade foot and, after that, a one-bone leg and knee are 
Johanna Syvänen 
38 
reconstructed. These procedures are followed by serial lengthening periods. (Paley 
2016b) 
2.10.3.3 Fibular deficiency 
Problems with a child with fibular deficiency are limb length discrepancy, foot 
deformities and ankle instability. The aim of treatment is to restore functional lower 
limbs. (Hamdy et al. 2014) In the study of Birch et al. (2011), 82.5% of the children 
maintained their limb length discrepancy proportion throughout the study years.  
Traditionally, the severity of fibular deformity and length inequality in the lower 
limbs have been the main points considered (Coventry et al. 1952, Acterman and 
Kalamchi 1979, Letts et al. 1993). In the past few years, reports have been published 
on treating the patients with the goal to to obtain a functional foot and equal lower 
limb length (Statinitski and Statinitski 2003, Birch et al. 2011)  
If the length discrepancy is less than 6% and the foot is plantigrade, the child can 
be managed conservatively with foot orthoses and shoe lifts (Birch et al. 2011). With 
more severe foot deformities and more pronounced limb length discrepancies, 
treatment is either amputation or lengthening procedures. Guidelines favor 
amputation if the patient lacks three or more rays in the foot and if the predicted 
length discrepancy exceeds 30% or more than 5 cm at birth. (Maffulli and Fixen 
1996, Birch et al. 1999, Changulani et al. 2010). If the upper limb is also involved, 
the foot should be preserved (Birch et al. 2011). Amputations modo Syme and Boyd 
are carried out and the results are generally good also in the longterm (Birch et al. 
1999, Hamdy et al. 2014).  
Distraction osteogenesis is the method to lengthen the limb. The first lengthening 
is performed when the discrepancy is 5–6 cm. A contralateral epiphyseodesis can be 
used in some patients who are near skeletal maturity. (Hamdy et al. 2014) The rate 
of complications usually increases with serial lengthening (McCarthy et al. 2000, 
Birch et al. 2011). There is also a problem of genu valgus in patients with fibular 
deficiency, but this can be managed with hemiepiphyseodesis or osteotomy of the 
femoral or proximal tibia (Boakes et al. 1991). Anterior cruciate ligament deficiency 
has to be taken into account in these patients (Gabos et al. 2005), especially when 
lengthening is undertaken (Hamdy et al. 2014). There are numerous techniques 
published for foot and ankle reconstruction (Thomas and Williams 1987, Weber et 
al. 2002, El-Tayeby and Ahmed 2012) 
There are several reports on the outcomes of amputation (Walker et al. 2009, 
Choi et al. 1990, McCarthy et al. 2000) which favor amputation over lengthening 
procedures, but here the foot deformation has been more severe in the amputation 
group (Choi et al. 1990, McCarthy et al. 2000). On the other hand, there are also 
reports which favor lengthening (El-Sayed et al. 2010, Gibbons et al. 1996).  
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Paley (2016a) has designed a new classification of these patients to guide 
reconstructive surgery. Each type in this classification system has a specific 
preferred surgical treatment independent of the number of rays and limb length 
inequality. Paley type I patients do not require foot surgery. Type 2 patients are 
treated by shortening realignment osteotomy of the distal tibia to correct the valgus 
and stabilize the ankle. The procedure is called SHORDT (shortening osteotomy 
realignment distal tibia). After or together with this procedure, the tibia is 
lengthened. Types 3 and 4 are candidates for the SUPERankle procedures 
(systematic utilitarian procedure for extremity reconstruction) which was presented 
by Paley in 1996. It is performed when the patient is 18–24 months old. Lengthening 
is usually done together with this procedure. (Paley 2016a) There is one report about 
the results of the SUPERankle procedure (Kulkarmi et al. 2019): results were 
excellent in over 50% of the patients. 
2.10.3.4 Cleft foot 
The goals of the cleft foot treatment are comfort and good function in standard shoes 
(Mosca 2014). The treatment may be observation alone (Wood et al. 1997). If 
surgery is needed, the options are to close the cleft to a certain level, to maintain 
symmetrical feet and to preserve the position of the border rays to prevent collapse 
and valgus deformities of the toes (Tani et al. 1997). The indications for surgical 
treatment are to improve shoe wear and foot cosmesis (Abraham and Waxman 1999).  
Different surgical procedures have been described. These include, for example, 
simple closure (Tani et al. 1997), the use of flaps (Wood et al. 1997) and insertion 
of a silicone block to prevent foot collapse. (Tani et al. 1997) 
 
 40
3 Aims of the study 
1. To calculate the population-based prevalence of congenital lower-limb 
deficiencies and to determine the associated mortality and anomalies. The goal 
was also to evaluate lower-limb deficiencies by defect type. (I) 
2. To explore the impact of children with lower-limb deficiencies on the 
healthcare system and to compare different subcategories of lower-limb 
deficiencies and their surgical treatment. (II) 
3. To examine risk factors for congenital limb deficiencies related to pregnancy 
and maternal variables. (III) 
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4 Materials and methods 
For all studies (I, II and III), data on limb deficiencies was collected from the 
National Register of Congenital Malformations, maintained by the Finnish institute 
for health and welfare. The registry contains data from the year 1963 onward on 
congenital anomalies in Finland. Since 1993 the registry has upheld a database in 
electronic form for data management.  
The Register contains data on all live births, stillbirths and spontaneously aborted 
fetuses and pregnancy terminations on fetuses with at least one major congenital 
anomaly. Major structural anomalies and chromosomal defects are coded according 
to an extended version of the 9th Revision of the International Classification of 
Diseases (ICD-9) of the World Health Organization. Minor anomalies are excluded 
according to the system of the European Surveillance of Congenital Anomalies, 
EUROCAT (EUROCAT). The Register also draws data with the help of the unique 
personal identification code (PIC) from other national health registers: Medical Birth 
Register, Register on Induced Abortions, FHDR (hospital discharge data on 
congenital anomalies from the first two calendar years after birth), The Register of 
Visual Impairment, all maintained by THL, as well as from the Cause-of-Death 
Statistics, maintained by Statistics Finland. All notified diagnoses are evaluated, 
classified and coded by a medical geneticist at the Register. If the diagnosis is 
equivocal, more information (e.g., patient records, photographs, X-ray images, 
specialist opinions) is asked from the hospitals concerned. 
4.1 Classifications 
For all studies (I, II and III) major congenital (fetal) anomalies were defined as 
anomalies or malformations that create significant medical problems or require 
specific management. Minor anomalies were described as features that vary from 
those seen in the normal population but not causing increased morbidity. 
(EUROCAT, Register of Congenital Malformations)  
Limb deficiency was defined as total or partial absence or severe hypoplasia of 
skeletal structures of limbs, including femoral hypoplasia (ICBDSR). Lower and 
upper limb deficiencies were classified as terminal transverse, longitudinal (pre- and 
postaxial), intercalary and multiple types and split foot malformations according to 
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the EUROCAT classification system (EUROCAT guide 3 2004). In cases of 
syndactylies of toes or amniotic bands, the limb anomaly was classified as a limb 
deficiency only if at least one bone was clearly missing or severely hypoplastic. If 
the reduction could not be classified according to the EUROCAT classification 
system (EUROCAT guide 3 2004), the reduction was named unknown.  
The term isolated limb deficiency was used when there were no major 
malformations involving other organ systems than limbs. Cases with isolated limb 
reductions could have abnormalities in one or more limbs, including upper and lower 
extremities. Cases with associated limb reductions had major structural anomalies in 
both limb(s) and non-limb structures. The associated limb deficiency could also be 
part of a syndrome. Associated structural anomalies were classified to cardio-
respiratory, urogenital, central nervous system, abdominal and axial skeleton defects 
(Study I). Associated upper limb deficiencies were also investigated in study I.  
In Study II the final study population was subdivided into terminal amputations 
and long bone, foot and toe deficiencies. Long bone deficiencies were further divided 
into femoral, tibial and fibular deficiencies according to the classification systems of 
Aitken (1969), Jones et al. (1978) and Achterman and Kalamchi (AK) (1979). 
4.2 Studies I and II 
For Study I and Study II all cases with the ICD-9 -codes 75XX (= congenital 
anomalies) and 65XX (=normal delivery, and other indications for care in pregnancy, 
labor and delivery) were collected from the Malformation Register. Live births, 
stillbirths, fetuses from spontaneous abortions and terminations of pregnancy for 
fetal anomalies between the years 1993 and 2008 were included. Diagnoses and 
medical records of the cases with a possible lower limb defect were re-evaluated by 
a pediatric and orthopedic surgeon and a medical geneticist (J.S and A.R). 
Problematic cases were further evaluated by two pediatric orthopedic surgeons (I.H. 
and Y.N.). In the beginning of data collection, there were 518 cases and after 
evaluation 247 cases (46.7%) were excluded because there was no lower limb 
reduction. Additional information was requested from the hospitals concerned in 142 
of the cases (27% out of the 518). Based on this new information a diagnosis of lower 
limb deficiency was censored in eleven cases. The lower limb deficiency diagnosis 
became more accurate in 22 cases. To find additional cases with lower limb 
reduction diagnosed or treated later, the study data was cross-linked with the FHDR 
data. Forty-one possible new cases were identified. After evaluation of the medical 
records of these 41 patients, 13 new limb reduction cases were found. Thus, there 
was a total of 273 cases with lower limb deficiencies. 
In Study II the study population included all live births (194) with lower limb 
deficiency born in 1993‒2008. Nine children who died during their birth admission 
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were excluded. This population (185 cases) was cross-linked with the FHDR data by 
the PIC. The basic variables collected in FHDR include PIC (including date of birth 
and sex), area of residence, hospital ID, admission and discharge days and operation 
days, as well as the diagnoses. Diagnoses were recorded according to the ICD-9 
during 1987−1995, and according to the ICD-10 since 1996. Operations were 
registered according to the classification of the National League of Hospitals during 
1986−1996, and since 1996 according to the Finnish version of Nordic Medico-
Statistical Committee (NOMESCO) procedure classification. The total number of 
hospital admissions (excluding the birth episode), surgical and non-surgical 
admissions (hospital admission has operation code), days spent in hospital, as well 
as number and type of surgical operations covering the time from from January 1st 
1993 to December 31st 2009 were analyzed concerning 1) the 185 patients with lower 
limb deficiencies and 2) the whole live-born pediatric population covering the time 
from January 1st 1993 to December 31st 2008 (N = 942,692). 
4.2.1 Statistics 
For Study I, the birth and total prevalence were given per 10,000 births, live birth 
prevalence per 10,000 live births. Associations with major anomalies in other organ 
systems were compared using the χ2-test. Relative risks (RR) for associated other 
major anomalies and their 95% confidence intervals (CI) compared with the general 
malformation figures (including live births, still births and terminations of pregnancy 
for fetal anomalies) from the National Register of Congenital Malformations in 
1993−2008 were calculated. P-values below 0.05 were considered statistically 
significant. Analyses were performed using R 3.0.0 (R Foundation for Statistical 
Computing, Vienna, Austria). Spontaneous abortions with lower limb reductions 
were not included, and thus there were 266 cases in the study material.  
For Study II, continuous variables were described as means and ranges. 
Categorical variables were described as frequencies and relative proportions 
(percentages). Counts of events were modelled by Poisson’s regression using the 
logarithm of the patient count per group as an offset parameter. The probability of 
cases remaining free of all operations, all orthopedic operations and all operations 
involving a lower limb deficiency were estimated using the method of Kaplan-Meier, 
and the differences between subgroups were tested using the log-rank test. Cox’s 
regression model was used to calculate hazard ratios (HR) with 95% confidence 
intervals (CI). Also here, P-values less than 0.05 were considered statistically 
significant. All analyses were conducted using R version 3.0.2 (R Foundation for 
Statistical Computing, Vienna, Austria) and SAS System for Windows, version 9.4 
(SAS Institute Inc., Cary, NC, USA). 
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4.3 Study III 
The data of all limb deficiency cases (from 1996 to 2008) and controls was obtained 
from the National Register of Congenital Malformations, the Medical Birth Register 
and the Register on the Induced Abortions, all maintained by the Finnish institute for 
health and welfare (THL). Information on maternal prescription medicine use and 
drug reimbursements was based on the Register on Reimbursed Drug Purchases and 
the Register on Medical Special Reimbursements, both maintained by KELA (Social 
Insurance Institution of Finland). The information from the Social Institution of 
Finland was collected from 1995 to 2008.  
The frequency of long-term illnesses among pregnant women was studied on the 
basis of the Special Reimbursement Entitlements granted by Kela effective during 
pregnancy. The frequency of drug use was determined by examining the number of 
people who bought drugs. Drug prescription data has high coverage (97% of all 
reimbursed drugs). In Finland, almost all prescription-only drugs deemed necessary 
for treatment of an illness are reimbursable. Some over-the-counter drugs are also 
reimbursable when prescribed by a physician. Over-the-counter medicines that are 
not prescribed by the phycisian are not involved in the present study. Every person 
entitled to special refunds is recorded by KELA. (Malm et al. 2003, Klaukka 
2001) Drug purchases are recorded at all levels of the international Anatomical 
Therapeutic Chemical (ATC) classification.  
The data on upper limb deficiencies (Koskimies et al. 2011) was expanded to 
include the years from 2006 to 2008 and to involve also cases from the elective 
terminations of pregnancy and spontaneous abortions from 1996 to 2008 (n=63). All 
cases with ICD-9 codes 75XX and 65XX from 1996 to 2008 were reviewed and 
other than limb reduction defects were excluded. There were 610 cases with limb 
deficiencies.  
Each congenital limb deficiency case was assigned 5 controls (children and their 
mothers), picked from the Medical Birth Register (3050 controls). The controls were 
healthy with respect to any limb defects (but some had other congenital anomalies). 
They were standardized by university hospital district and the date of fertilization 
(year and month).  
The impact of drug use during pregnancy on congenital limb deficiencies was 
analyzed during the first trimester of pregnancy and a month before pregnancy. 
Maternal long-term diseases (diabetes mellitus, asthma, psychotic mental conditions, 
depression, epilepsy and inflammatory bowel diseases) and their connection to limb 
deficiencies was examined by analysis on data from the Register on Reimbursed 
Drug Purchases and the Register on Medical Special Reimbursements. Other risk 
factors (maternal age, body-mass index (BMI), smoking, maternal parity, 
miscarriages, multiple pregnancy, child’s gender, pregestational diabetes and 
infertility treatments including in vitro fertilization) were examined by analysis of 
Materials and methods 
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data from the Medical Birth Register and from the National Register of Congenital 
Malformations.  
4.3.1 Statistics 
All children (n=610) with congenital limb deficiencies and their 3050 controls born 
in Finland between 1996 and 2008 were included in the statistical evaluation. 
Identifying the risk factors for congenital limb deficiencies was the primary 
study aim. Subgroup results (isolated limb deficiencies, multiple congenital 
anomalies and syndromes) were interpreted as explanatory. 
Categorical variables were summarized with counts and percentages. 
Potential risk factors for limb deficiencies were analyzed for live births, 
stillbirths and elective terminations of pregnancy (smoking and infertility treatment 
was not available for terminated pregnancies). Separate analyses were performed on 
the primary population (all cases) and subgroups (isolated limb deficiencies, 
multiple congenital anomalies and syndromes). Crude odds ratios (ORs) were 
estimated, together with the 95% confidence intervals (CI) using conditional logistic 
regression models for potential risk factors: maternal age (<25 years, 25–34 years 
and >35 years), BMI (body mass index; classified <18.5, 18.5–30, ≥30), smoking 
(yes/no), previous (0,1,2, 3 or more), multiple pregnancy, child’s gender, infertility 
treatment (yes/no), maternal parity (nulliparous vs multiparous) and pregestational 
diabetes (yes/no). After univariate analyses, any possible risk factors (p<0.05 in the 
univariate models) and confounders were selected and appropriate multivariable 
conditional logistic regression models were built. The multivariable model for the 
live births and stillbirths included age as classified, smoking, infertility treatment, 
maternal parity and pregestational diabetes. In the multivariable model also 
including smoking and infertility treatment, the analysis population covered the live 
births and stillbirths. 
After these evaluations for live and stillbirths, each medicine (at least 10 exposed 
mothers) was studied by univariate logistic regression analysis and significant risk 
factors in these analyses along with maternal risk factors were included the 
multivariable analyses to yield adjusted odds ratios (OR) and 95% confidence 
intervals (CI). P-values (two-tailed) below 0.05 were considered statistically 
significant. The analyses were performed using the SAS Software, version 9.4 for 
Windows (SAS Institute Inc., Cary, NC, USA). 
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5 Results 
5.1 Population-based prevalence, gender 
distribution, mortality, prevalence of different 
lower limb deficiencies and associated 
anomalies (I) 
5.1.1 Prevalence 
According to the national Medical Birth Register (2013), there were 946,295 births 
in Finland (942,724 live births) from 1993 to 2008. During the study years, 273 cases 
with lower limb reduction defects were identified from the Register (194 live births/ 
71.1%, 10 stillbirths/ 3.7%, 7 spontaneous abortions/ 2.6% and 62 terminations of 
pregnancy for fetal anomalies/ 22.7%). The total prevalence was 2.8 per 10,000 
births and the birth prevalence 2.2 per 10,000 births. The live birth prevalence was 
2.1 per 10,000 live births. 
5.1.2 Gender distribution 
Over half of the cases were males (53.0% [141/266]), 44.7% were (119/266) females 
and 6 (2.3%) were of unknown/undetermined gender. This corresponds the general 
gender distribution in the Malformation Register. 
5.1.3 Mortality 
Ten stillbirths and six deaths during the first week of life were recorded. The 
perinatal mortality was 78 per 1000 births. Additionally, three children died during 
the first year of life, giving an infant mortality rate of 46 per 1000 live births. 
Associated congenital malformations and chromosomal or other syndromes were 
noted in all nine infant deaths (Table 4).  
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Table 4.  Associated major anomalies in infant deaths with lower limb deficiencies in 1993–2008. 
(Original publication I, copyright with permission) 





1 AVSD, TAPVD, atresia of pulmonary artery 
Hydronephrosis, ureterocele 
Cleft hard palate 
Hypoplasia of the second finger 
 One toe missing 
2 VSD 
Hypoplasia of lungs, thoracic cage anomaly 
Dysplasia of kidney 
Cleft hard palate 
Trisomy 18 Cleft feet 
3 Hydrocephaly 
Amnion constriction band 
Bilateral pes equinovarus 
Reduction deformity of fingers 
 Reduction defect 
of toes 
4 Atresia of pulmonary artery, dilated aortic valve 
and ascending aorta 
Lisencephaly, agenesis of corpus callosum 
 Reduction defect 
of second and 
third toes 
5 Muscular VSD 
Gastroschisis 
Pes equinovarus 
Congenital scoliosis, hypoplastic pelvis 
Congenital 
arthrogryposis 
Left toes missing 
6 VSD 




Trisomy 18 Reduction defect 
of first toe 
bilateral 




8 Truncus arteriosus, AVSD, DORV 
Agenesis of right lung 
Agenesis of left kidney, agenesis of ureters 
 Total aplasia of 
right lower limb 
9 Anomaly of thoracic cage 
Hypoplasia of lungs 
Non-rotation of intestine 





5.1.4 EUROCAT classification of lower limb deficiencies 
Terminal transverse reductions were the most common (44.7%) lower limb 




Table 5.  Number, proportion and total prevalence of subgroups of lower limb deficiencies. Live 
births, stillbirths and terminations of pregnancy for fetal anomalies with lower limb 
deficiencies in 1993−2008. Unknown reduction is a reduction which could not be 
classified according to the EUROCAT classification system. (Original publication I, 
copyright with permission) 




TERMINAL TRANSVERSE REDUCTION 119 44.7 1.26 
POSTAXIAL REDUCTION 46 17.3 0.49 
PREAXIAL REDUCTION 15 5.6 0.16 
INTERCALARY REDUCTION 21 7.9 0.22 
MULTIPLE REDUCTIONS 22 8.3 0.23 
SPLITFOOT REDUCTION 12 4.5 0.13 
UNKNOWN REDUCTION 31 11.7 0.33 
5.1.5 Associated anomalies 
Associated major anomalies were present in 47.7% of the 266 cases. Upper limb 
reductions were found in 32.0% of all cases. Both lower and upper limb reductions 
were noted in 31 cases of the isolated group (31/139, 22.3%). (Table 6) In 21% of 
the cases (56/266, 19 isolated cases and 37 associated cases), the amniotic band 
syndrome was thought to be the reason for the limb deficiency. 
Table 6.  Associated major anomalies in cases with lower limb deficiencies. Live births, stillbirths 
and terminations of pregnancy for fetal anomalies with lower limb deficiencies in 
1993−2008. (Original publication I, copyright with permission) 
ASSOCIATED ANOMALY 
NUMBER OF  
ALL CASES 
NUMBER OF  
NON-CHROMOSOMAL / 
NON-SYNDROMIC CASES 
PERCENT OF ALL 
266 CHILDREN 
CARDIO-PULMONARY 33 15 12.4 
UROGENITAL 41 15 15.4 
CENTRAL NERVOUS SYSTEM 34 22 12.8 
ABDOMINAL 46 18 17.3 
AXIAL SKELETON 36 7 13.5 
UPPER LIMB REDUCTION DEFECT 85 59 32.0 
 
The lower limb deficiency cases were compared with the general malformation 
figures from the Malformation Register in 1993−2008. Cases with lower limb 
Results 
 49 
reduction defects had a significantly increased relative risk (RR = 12.54, 95 % CI 
11.06−14.23, p < 0.0001) for non-limb malformations. (Table 7) 
Table 7.  Relative risk (RR) and 95%CI for associated major anomalies compared with general 
malformation figures from the National Register of Congenital Malformations. Live 
births, stillbirths and terminations of pregnancy for fetal anomalies with lower limb 
deficiencies in 1993−2008. (Cases with lower limb deficiencies = 266, all births = 
946 295). (Original publication I, copyright with permission) 
MAJOR ORGAN ANOMALY 
NO OF CASES 
WITH LIMB 
REDUCTION 
NO OF CASES IN 
GENERAL 
POPULATION 






27 12,967 7.42  
(5.19–10.61) 
<0.0001 





34 2,863 42.74  
(31.16–58.63) 
<0.0001 









Twelve of the cases with lower limb reduction (4.5%) had a chromosomal syndrome 
and 38 (13.5 %) had other known syndromes. 7% (19/266) were classified as limb-
body-wall complex, body-stalk anomalies or caudal regression syndrome. The 
remaining 199/266 cases (74.8 %) had a non-syndromic, non-chromosomal lower 
limb reduction. Of them, 60/266 (22.6 %) had other major malformations besides 
limb deficiencies.  
The number of cases without associated anomalies varied significantly 
(p=0.0018) between the different types of lower limb reductions (Table 8). Over 50% 
of the patients within the transverse, postaxial, multiple and cleft defect groups had 
isolated lower limb defects, while the preaxial deficiencies were strongly associated 
with other major anomalies (RR 1.75; 95% CI 1.2 – 2.53, p = 0.028). 
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Table 8.  Types of lower limb deficiency and relative risk (95% CI) for associated major anomalies 
compared with the terminal transverse defect type. Calculated among live births, 
stillbirths and terminations of pregnancy for fetal anomalies (N=266) with lower limb 
reductions in 1993−2008 MCA=multiple congenital anomalies. (Original publication I, 
copyright with permission) 
TYPE OF LOWER 







ANOMALY RR (95% CI) P 
TERMINAL 
TRANSVERSE 
69 25 25 1  
POSTAXIAL 31 7 8 0.78  
(0.49–1.24) 
0.29 
PREAXIAL 4 3 8 1.75  
(1.20–2.53)  
0.028 
INTERCALARY 10 9 2 1.25  
(0.79–1.97)  
0.47 
MULTIPLE 11 6 5 1.19  
(0.75–1.90)  
0.49 
SPLIT FOOT 7 3 2 0.99  
(0.49–2.00)  
1.00 
UNKNOWN 7 14 10 1.84  
(1.39–2.45)  
0.00050 
5.2 Hospital admissions, days spent in hospital 
and surgical treatment of lower limb 
deficiencies and their subclasses (II) 
5.2.1 Hospital admissions 
During the study years, the whole live born pediatric population had 1,524,481 
hospital admissions and 4,194,675 hospital days. The mean number of hospital 
admissions was 0.10 and the mean duration of in-patient care 0.3 days per child per 
year.  
Children with lower limb deficiencies (185) had altogether 1,140 hospital 
admissions and 5,170 days spent in hospital (Table 9). Thus, the mean annual 
number of hospital admissions was 0.6 (range 0−5), and days spent in hospital 2.9 
(range 0−124) per child. Compared to the whole live born pediatric population in 
Finland this signifies a six-fold and ten-fold excess, respectively.  
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5.2.1.1 Hospital admissions by subclass 
There were seven patients with terminal amputations (lower leg 4 [bilateral 1], foot 
3 [bilateral 2]). They had an annual mean of 1.5 (range 1−4) hospital admissions and 
of 5.6 (range 1−25) days spent in the hospital. This was 15- and 19-fold compared 
to the whole live born pediatric population, respectively.  
There were 11 PFFD patients, five tibial deficiency and 37 fibular deficiency 
patients (53 patients with long bone deficiency). They had an annual mean of 1.1 
(range 0−5) hospital admissions and 3.9 (range 0−10) days of hospital care. 
Compared to the whole pediatric population in Finland, these numbers were 11- and 
13-fold, respectively.  
Both the number of hospital admissions and days spent at the hospital were six-
fold compared to the whole pediatric population in patients with foot deficiencies. 
There were nine split-feet cases. The annual mean of hospital admissions was 0.6 
(range 0−2) and 1.9 (range 0−6) of days in hospital care.  
The patients with toe deficiencies had an annual mean of 0.4 (0−3) hospital 
admissions and of 2.6 (range 0−47) hospital days, which was 4- and 9-fold compared 
to the whole live born pediatric population in Finland, respectively. (Table 9) 
Table 9.  Number of patients who required hospital treatment in four groups of patients with lower 
limb deficiency (N=185). (Original publication II, copyright with permission) 
 
HOSPITAL ADMISSIONS 
% OF PATIENTS  
RANGE OF ADMISSION / 
PATIENT 
HOSPITAL DAYS 
% OF PATIENTS  
























5.2.2 Surgical admissions 
Almost half (49%) of the admissions were surgical. Sixty-four per cent (119) had 
operations and the total number of operations was 561. Over half of the operations 
(54%) were orthopedic: 226 of the lower limbs, 70 of the upper limbs and 8 of the 
spine. The Kaplan-Meier estimates of patients having at least one operation, one 
orthopedic operation and one operation to treat the deficiency were 64%, 44% and 




Figure 4.  Five and ten-year operation-free survival: A) all operations, B) orthopedic operations 
and C) operations due to lower-limb deficiency. Number of patients at risk for operation 
in x scale. (Original publication II, copyright with permission) 
5.2.2.1 Surgical admissions by subclass 
The age of the patients in the in terminal amputation group requiring an orthopedic 
procedure was between 0.4 and 2.4 years. (Table 10)  
The proportion (Kaplan-Meier estimate) of patients (n=53) with a long bone 
deficiency requiring at least one operation, one orthopedic operation or one operation 
due to lower limb deficiency by age ten years was 77%, 67% and 70%, respectively 
(Figure 5).  
In the group of patients with foot deficiency, the median number of operations was 
2 (range 1−23). Over half (55%, 46/84) of these operations were orthopedic procedures. 




They were equally divided into lower (n=24) and upper limb (n=22) surgery and were 
performed when the patients were between 0 and 16 years of age. (Table 10)  
The proportion (Kaplan-Meier estimate) of patients with foot deficiency having 
at least one operation, one orthopedic operation or one operation due to foot 
deficiency by 10 years of age were 82%, 60% and 25%, respectively (Figure 5).  
Toe deficiency patients had a median of two operations (range 1−18) per child. 
Forty-two per cent were orthopedic procedures, most of which or 62% (47/76) were 
directed to treat the lower limbs. The mean age of the patients was 3.3 years (range 
0.1−13.9). (Table 10)  
The proportion (Kaplan-Meier estimate) of patients (n=101) with toe deficiencies 
requiring at least one operation, one orthopedic operation or one operation concerning 
toe deficiency by age ten was 52%, 26% and 19%, respectively (Figure 5).  
 
Figure 5.  Five- and ten-year operation-free survival: A) all operations, B) orthopedic operations 
and C) operations due to lower-limb deficiency by patient group. (Original publication II, 
copyright with permission) 




Table 10.  Percentage of patients and range of surgical sessions per patient that had surgical treatment in four groups of patients with lower limb deficiency. 
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(6/101) 
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Patients with toe deficiency had a lower risk than the other groups to get operated 
during the follow-up time (Table 11). 
Table 11.  Risk of getting operated by patient group compared to patients with toe deficiency (Cox 
regression model). (Original publication II, copyright with permission) 
 
ANY OPERATION 
HR (95% CI) 
ORTHOPEDIC 
OPERATION 




HR (95% CI) 
TERMINAL 
AMPUTATIONS 
3.6 (1.6–8.0) 6.0 (2.4–15.0) 2.0 (0.5–8.6) 
LONG BONE 
DEFICIENCIES 
1.8 (1.2–2.8) 3.4 (2.0–5.6) 5.6 (3.0–10.0) 
FOOT DEFICIENCIES 1.8 (1.1–3.1) 2.7 (1.4–5.2) 2.5 (1.1–5.6) 
5.2.3 Occurrence and treatment of long-bone deficiencies in 
Finland between 1993 and 2009 
The live birth prevalence of PFFD was 0.12 per 10,000 live births in Finland. 
Seventy-two per cent (8/11) with PFFD had a median of 5.5 operations (range 1−25) 
per child, most often an orthopedic procedure (66%, 41/62) involving lower limbs. 
The age range of the patients at the time of the orthopedic procedures was 2.3 to 6.6 
years. (Table 12)  
The live birth prevalence of tibial deficiency was 0.05 per 10,000 live births. All 
five children with tibial deficiency (1 Jones II, 2 Jones III and 2 unclear types) needed 
hospital admissions and surgical procedures. Most (71%, 39/55) of the procedures 
were orthopedic operations of the lower limb (n=31) and spine (8). Two patients 
required amputation (at age 1.8 and 3.6 years). One limb lengthening operation was 
performed in a patient aged under 4 years with an unclassified type of tibia 
deficiency. (Table 12) 
The live birth prevalence of patients with fibular deficiency was 0.39 per 10,000 
live births. Twenty-six of the 37 patients with fibular deficiency (10 bilateral) had a 
median of three operations (range 1−34) per child. About two-thirds (94/155, 61%) 
of these operations were orthopedic procedures of the lower (n=83) and upper (n=11) 
limbs. Ten patients with a median age of 1.1 years (0.5−2.4) needed an amputation. 





Table 12.  Long bone deficiencies. Number of different subtypes and number of related orthopedic procedures (lower limb procedures subcategorized into 
osteotomies, lengthenings, amputations, epiphyseodeses, soft tissue surgeries, hardware removals and other procedures). PFFD=proximal 
femoral focal deficiency, AK=Acterman-Kalamchi classification. (Original publication II, copyright with permission) 














PFFD 11 41 9 4 0 4 1 9 14  0 
AITKE A 5  7 4  4  9 12   
AITKE B 1  2         
AITKE C 2           
AITKE D 2           
CONGENITAL 
SHORT FEMUR 
1           
TIBIAL DEFICIENCY 5 39 2 1 2 1 2 5 18 8 0 
JONES II / TIBIAL + 
FIBULAR HYPOPLASIA 
OTHER LEG 
1           
JONES III 2    2   1 4   
UNCLASSIFIED 2  2 1  1 2 4 14   
FIBULAR 
DEFICIENCY 
37 94 4 11 11 3 6 19 29 0 11 
AK 1A 11  2 4  1 1 65 5   
AK1B 1     1      
AK1 7   3    3 2   
AK2 8    7  1 1 3   
AK2 / AK1B 1  1 1   1 2 5  1 
AK2 / AK2 6    4 1 2 7 11  8 
AK2 / AK1 1           
AK1 / AK1 1  1 3     3  2 





5.2.4 Patients with no hospital admissions 
In nearly one fourth of the cases (43/185, 23%) no hospital admissions were 
registered. Most (29/43) of these patients had a toe deficiency, seven Achterman-
Kalamchi type IA fibular deficiency (follow-up 1.4−8.1 years), three PFFD (Aitken 
A, C and D one each, follow-up 4.3−11.1 years), three had one missing metatarsal 
and one had bilateral cleft feet (follow-up 1.3–11.5 years). 
5.3 Risk factors (III) 
The whole study population consisted of 610 children with limb deficiency and 3050 
controls. There were 385 (63.1%) upper limb deficiencies, 151 (24.8%) lower limb 
deficiencies and 74 children (12.1%) with both upper and lower limbs affected. 
Isolated limb deficiencies counted for 295 (48.4%) cases. Of the children, 107 
(17.5%) had anomalies in other organ systems and a syndromic or chromosomal 
background was reported in 208 cases (34.1%). 
Univariate analyses 
In univariate analyses, maternal smoking (OR 1.31, 95% CI 1.02–1.68), young age 
(<25 years, OR 1.42, 95% CI 1.14–1.77) and high maternal age (>35 years, 1.33, 
1.04–1.70), primiparity (1.55, 1.30–1.85) and pregestational diabetes (5.00, 2.17–
11.5) were identified as significant potential maternal risk factors for congenital limb 
deficiencies. Previous miscarriages, multiple pregnancy or abnormal BMI (below 20 
or above 30) did not increase this risk (p>0.10 for all comparisons). Infertility 
treatment increased only the risk of limb deficiency associated with other major 
anomalies (OR 5.00, 95% CI 1.61–15.5). (Table 13, Table 14) First trimester use of 
insulin and analogues (4.55, 1.93–10.70), beta blocking agents (3.12, 1.42–6.89), 
estrogens (2.73, 1.14–6.54), progesterone (1.83, 1.22–2.75), gonadotropins (1.61, 
1.01–2.57), muscle relaxants (2.41, 1.10–5.28) and antiepileptics (4.09, 1.70–9.87) 
increased the risk of limb deficiencies. In contrast, gastrointestinal medication 
(proton pump inhibitor, propulsives, H2 antagonists), antimicrobial treatment 
(antibiotics, antifungal, antiviral; systemic or local gynecological), 
glucocorticosteroids (systemic or topical), analgesics (nonsteroidal anti-
inflammatory, paracetamol) or asthma medication (inhaled corticosteroids, B2-
agonists), antidepressants, antipsychotics, anxiolytics, antihistamines and thyroid or 
hypothalamic hormones did not increase the risk for congenital limb deficiencies 




Table 13.  Univariate analysis of pregnancy-related and maternal risk factors for congenital limb deficiencies in all cases (live births, stillbirths and elective 
terminations of pregnancy) (N=610). Every limb deficiency case was assigned five controls. *Analysis does not contain elective terminations of 





0R (95% CI) P 
ISOLATED 
OR (95%CI) P 
MULTIPLE 
ANOMALIES 
OR (95%CI) P 
SYNDROMIC 
OR (95% CI) P 
MATERNAL AGE 









0.030 <25 YEARS 1.42 (1.14–1.77) 1.39 (1.02–1.89) 2.04 (1.23–3.27) 1.19 (0.80–1.77) 




607 1.55 (1.30–1.85) <0.001 1.63 (1.27–2.10) <0.001 1.87 (1.22–2.86) 0.0040 0.080 (2.80–0.09) 0.090 
PREGESTATIONAL 
DIABETES 610 5.00 (2.17–11.53) <0.001 6.25 (1.68–23.28) 0.0060 Only 1 diabetic mother 3.57 (1.13–11.25) 0.030 
INFERTILITY TREATMENT* 492 1.52 (0.91–2.55) 0.11 0.92 (0.41–2.08) 0.84 5.00 (1.61–15.50) 0.0050 1.59 (0.63–4.03) 0.33 
SMOKING* 474 1.31 (1.02–1.68) 0.030 1.38 (1.00–1.91) 0.050 1.02 (0.50–2.08) 0.95 1.30 (0.81–2.11) 0.28 
MOTHER’S BMI  









<18.5 1.42 (0.67–2.98) 1.21 (0.46–3.19= 0.71 (0.08–6.17) 3.06 (0.73–12.84) 
≥ 30  0.96 (0.55–1.70)  0.68 (0.31–1.50)  1.04 (0.28–3.95)  1.94 (0.66–5.69)  
MULTIPLE PREGNANCY 610 1.37 (0.91–2.07) 0.14 0.80 (0.39–1.63) 0.54 3.18 (1.29–7.81) 0.010 1.59 (0.83–3.01) 0.16 











0.98 1 1.17 (0.92–1.48) 1.22 (0.87–1.72) 1.27 (0.73–2.22) 1.05 (0.69–1.59) 
2 0.89 (0.55–1.42) 1.10 (0.57–2.12) 0.17 (0.02–1.28) 1.14 (0.54–2.43) 





Table 14.  Univariate analysis of special reimbursements approved for medication to treat maternal chronic diseases in all cases (live births, stillbirths and 









































MENTAL HEALTH 0.66 
0.63 (0.08–5.00) 
0.87 
































MULTIPLE SCLEROSIS 0.060 









After adjusting for maternal age and smoking, primiparity increased the risk for all 
limb deficiencies (OR 1.42, 95% CI 1.14–1.76) and isolated limb deficiencies (1.61, 
1.21–2.13); pregestational diabetes the risk for all (3.59, 1.32–9.74) and isolated limb 
deficiencies (5.16, 1.27–21.0); and infertility treatment for limb deficiencies 
associated with multiple congenital anomalies (6.35, 1.88–21.4) in the group of live 
or stillborn children (N=492). (Table 15) 
After adjusting for all maternal risk factors mentioned above, first trimester 
usage of progesterone increased the risk for all limb deficiencies (OR 1.85, 95% CI 
1.06–3.22) and antiepileptics increased the risk for all (5.66, 2.16–14.87) and 





Table 15.  Multivariable analysis of maternal risk factors in group of live births and stillbirths (N=492). Every limb deficiency case was assigned five controls. 
(Original publication III)  
 
ALL CASES 
OR (95% CI) P 
ISOLATED 
OR (95% CI) P 
MULTIPLE ANOMALIES 
OR (95%CI) P 
SYNDROMIC 
OR (95% CI) P 
NO CASES ANALYZED 474 274 73 127 
MATERNAL AGE  























SMOKING 1.40  
(0.99–1.80) 
0.19 1.23  
(0.88–1.74) 
0.23 1.03  
(0.48–2.17) 
0.95 1.25  
(0.76–2.07) 
0.38 
INFERTILITY TREATMENT 1.34  
(0.78–2.32) 
0.29 0.64  
(0.26–1.56) 
0.33 6.35  
(1.88–21.43) 
0.0030 1.48  
(0.56–3.90) 
0.43 
PRIMIPAROUS VS MULTIPAROUS 
(AS REFERENCE)  
1.42  
(1.14–1.76) 
0.0010 1.61  
(1.22–2.14) 
<0.001 1.63  
(0.91–2.90) 
0.10 1.02  
(0.66–1.56) 
0.94 
PREGESTATIONAL DIABETES 3.59  
(1.32–9.74) 
0.010 5.16  
(1.27–21.00) 












Table 16.  Multivariable analysis on the risk of medications used during the first trimester of pregnancy adjusted for maternal age, smoking, infertility 
treatment, parity and pregestational diabetes in live and stillbirths (N=492). Every limb deficiency case was assigned five controls. (Original 
publication III)  
 
ALL CASES 
OR (95% CI) P 
ISOLATED 
OR (95% CI) P 
MULTIPLE ANOMALIES 
OR (95% CI) P 
SYNDROMIC 
OR (95%CI) P 
NO CASES ANALYZED 474 274 73 127 
BETA BLOCKING AGENTS 2.40  
(0.89–6.47) 
0.080 2.15  
(0.65–7.09) 
0.21 NA  3.54  
(0.58–21.46) 
0.17 
ESTROGENS 0.090  
(0.23–3.39) 
0.85 NA  0.47 (0.03–8.40) 0.61 1.50  
(0.23–9.77) 
0.67 
PROGESTERON 1.85  
(1.06–3.22) 
0.030 1.94  
(0.87–4.36) 
0.11 1.89 (0.53–6.77) 0.33 1.85  
(0.63–5.40) 
0.26 





0.11 1.91  
(0.68–5.42) 




CENTRALLY ACTING AGENTS 
1.86  
(0.74–4.67) 
0.19 1.70  
(0.42–6.90) 





<0.001 2.81  
(0.81–9.79) 








When adding elective pregnancy terminations to the multivariable analyses, young 
(<25 years) (OR 1.25, 95% CI 1.00–1.57) and high (> 35 years) maternal age (1.50, 
CI 1.16–1.93), primiparity (1.55, 1.29–1.88) and pregestational diabetes (4.78, 2.06–
11.13) were significant risk factors for all congenital limb deficiencies. (Table 17, 
Figure 6). 
Fu 
Figure 6.  Multivariable analysis of maternal risk factors, all cases (live births, stillbirths and 





Table 17.  Multivariable analysis on maternal risk factors with all cases (live births, stillbirths and elective terminations of pregnancy) analysed (N=610). 
Every limb deficiency case was assigned five controls. (Original publication III)  
 
ALL CASES 
OR (95% CI) P 
ISOLATED 
OR (95% CI) P 
MULTIPLE 
ANOMALIES 
OR (95%CI) P 
SYNDROMIC 
OR (95% CI) P 
NO CASES ANALYZED 607 295 106 206 
MATERNAL AGE  



























<0.001 1.59  
(1.22–2.07) 
<0.001 1.73  
(1.09–2.76) 
0.020 1.42  
(1.02–1.97) 
0.040 
PREGESTATIONAL DIABETES 4.78  
(2.06–11.13) 
<0.001 6.03  
(1.60–22.73) 
0.0080 Not included  








After adjusting for the above risk factors, first trimester progesterone use added the 
risk of congenital limb deficiency in the whole study population (OR 1.71, 95% CI 
1.13–2.59) and in multiple congenital anomaly group (3.52, 1.37–9.03). Other 
statistically significant associations were found in the whole study population with 
antiepileptics (4.03, 1.66–9.79), beta blocking agents (2.74, 1.22–6.18) and centrally 
acting muscle relaxants (2.25, 1.01–4.99). (Table 18, Figure 7) 
 
Figure 7.  Multivariable analysis of the risk of maternal use of medication during the first trimester 
of pregnancy adjusted for maternal age, parity and pregestational diabetes in all cases 
(live births, stillbirths and elective terminations of pregnancy) (N=610). Every limb 




Table 18.  Multivariable analysis of the risk of maternal use of medication used during first trimester adjusted for maternal age, parity, and pregestational 
diabetes in all cases (live births, stillbirths and elective terminations of pregnancy) (N=610). Every limb deficiency case was assigned five 
controls. (Original publication III) 
 
ALL CASES 
OR (95% CI) P 
ISOLATED 
OR (95% CI) P 
MULTIPLE ANOMALIES 
OR (95% CI) P 
SYNDROMIC 
OR (95%CI) P 
NO CASES ANALYZED 607 295 106 206 
BETA BLOCKING AGENTS 2.74  
(1.22–6.18) 
0.020 2.34  
(0.74–7.38) 
0.15 NA  3.05  
(0.84–11.11) 
0.090 
ESTROGENS 2.35  
(0.97–5.68) 
0.060 0.74  
(0.09–6.29) 
0,78 6.94  
(1.13–42.73) 
0.04 2.65  
(0.73–9.67) 
0.14 
PROGESTERON 1.71  
(1.13–2.59) 
0.010 1.21  
(0.61–2.39) 
0.59 3.52  
(1.37–9.03) 
0.0090 1.79  
(0.94–3.41) 
0.080 





0.21 1.18  
(0.50–2.82) 
0.70 1.52  
(0.49–4.75) 




CENTRALLY ACTING AGENTS 
2.25  
(1.01–4.99) 
0.050 2.01  
(0.56–7.22) 
0.29 1.35  
(0.14–13.25) 
0.79 2.78  
(0.88–8.78) 
0.080 
ANTIEPILEPTICS 4.03  
(1.66–9.79) 
0.0020 2.97  
(0.86–10.29) 









6.1 Validity of the data 
Congenital upper and lower limb reductions are usually identified visually after 
delivery. Thus, they are also well registered in different registers. Our data (from 
1993 to 2008) is collected from the National Register of Congenital Malformations, 
and it includes data on congenital anomalies from other national registers, such as 
the Medical Birth Register, The Register of Induced Abortions, the Care Register for 
Health Care and the Statistics Finland cause-of-death statistics. Information on 
maternal prescription medicine use was obtained from the Register on Reimbursed 
Drug Purchases and the Register on Medical Special Reimbursements (Social 
Insurance Institution of Finland) from 1996 to 2008. All these registers report data 
with high accuracy and 100% country coverage (Greenlees et al. 2011, Congenital 
Malformatios 2015, Sund 2012, Pakkasjärvi et al. 2006, Leoncini et al. 2010, Gissler 
et al. 1995, Finnish Statistics on Medicines). Drug prescription data has high 
coverage (97% of all reimbursed drugs). In Finland, almost all prescription-only 
drugs necessary for treatment of an illness are reimbursable. Some over-the-counter 
drugs are also reimbursable when prescribed by a physician. Every person entitled 
to special refunds is recorded in KELA. (Malm et al. 2003, Klaukka 2001) We have 
further validated the limb deficiency data by examining all medical records and 
available radiographs and confirming the diagnosis of each affected subject. In the 
data on congenital lower limb deficiencies, we found only eleven false-positive cases 
and thirteen false-negative cases, both less than five per cent of the total amount of 
cases. Additionally, none of our country-specific diseases or syndromes (Norio 
2003a, b and c) include limb reductions and there are no marriages between first-
degree relatives due to restrictions of our legislation. Because congenital anomalies 
are more common in pregnancies ending in elective terminations, we analyzed our 
risk factor data (III) separately with and without elective terminations. All these 
circumstances increase the reliability of our data.  
A limitation of this study was the secondary nature of the data collected in the 
registers. The data were not collected to specifically study the epidemiology of 
congenital lower limb deficiencies and the maternal risk factors related to congenital 
limb reductions. We started to collect data in 2011, and by then the data collection 
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of the last study year (2008) had been completed and entered electronically into the 
Malformation Register. It is feasible that at that point some children with a very mild 
lower limb deficiency may not have been entered into the register and would thus be 
missing from our study population. Also, in the study of hospital admissions and 
hospital days, the follow-up time for reductions born during the last study years was 
very short, because the data of the Care Register for Health Care was available only 
until 2009. The information from Care Register for Health Care was partially 
unsuitable concerning some surgical operation codes, and some codes were too 
rough to inform of what actually was done to the patient (e.g., code NHK99, other 
operation on bone of ankle or foot).  
The data concerning the treatment of lower limb deficiencies is historical. The 
treatment plan of these patients has changed profoundly over the past years. New 
surgical approaches have been introduced and technical development has been rapid 
during the past years (Paley and Guardo 2014, Paley 2016a and b, Kulkarni 2019, 
Laaksonen et al. 2019)  
The case-control design was selected for Study III because of very low 
prevalence figures of congenital limb deficiencies reported in the literature (Froster-
Iskenius and Baird 1989, Aro et al. 1982, Källen et al. 1984, Froster and Baird 1993a, 
Evans et al. 1994, Forrester and Merz 2003, Calzoari et al. 1990). The lack of data 
of maternal folic acid supplementation might have influenced the results. However, 
it is known that over 70% of Finnish mothers do use dietary supplements (Meinilä 
et al. 2015, Erkkola et al. 1998). A weakness of Study III is also that although we 
know the maternal prescriptions, we do not know if the mothers really used the 
medicine as prescribed nor when the prescription medicine was used. This can cause 
both finding and not finding correlations. Based on previous studies we know that 
especially mothers with long term illnesses use their medication also under 
pregnancy (Olesen et al. 2001, Malm et al. 2003).  
6.2 Pregnancy-related and maternal risk factor for 
congenital limb deficiencies  
Pregestational diabetes increased the risk of limb deficiency to four to six-fold and 
this was especially noticed in the isolated group of children (Study III). In previous 
studies, the association between pregestational diabetes (Polednak and Janerich 
1985, Åberg et al. 2001, Froster and Baird 1993b, Källen 1989, Correa et al. 2008, 
Klungsoyr et al. 2019, Dukhovny et al. 2018, Liu et al. 2015) and gestational diabetes 
(Correa et al. 2008) and birth defects has been established. A meta-analysis from 
2015 showed that pregestational diabetes carries a RR of 2.4 and gestational diabetes 
of 1.11 for congenital malformations. Congenital limb deficiencies have also been 
associated with pregestational diabetes (Åberg et al. 2001, Froster and Baird 1993b, 
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Källen 1989, Correa et al. 2008, Klungsoyr et al. 2019, Dukhovny et al. 2018). 
Klungsoyr et al. (2019) reported a three-fold increased risk to the child for limb 
deficiency if the mother had pregestational diabetes. They excluded terminations of 
pregnancy due to fetal anomaly, because the Norwegian Registry in TOPFA cases 
does not contain information on maternal chronic diseases in most of the TOPFA 
cases. The comparable figure is a four-fold risk in our study. Dukhovny et al. (2018) 
excluded chromosomal abnormalities and single gene disorders and, in some states, 
induced pregnancy terminations. They studied metformin medication and its impact 
on birth defects in a telephone interview study. In their study, if there was maternal 
exposure to insulin during the first trimester of pregnancy, the risk of limb reduction 
defects was almost five-fold compared to no exposure and if there was exposure to 
metformin for diabetes in the first trimester, the risk increase was nearly three-fold 
for limb reduction defects. They speculated if it is the medication or the disease itself 
that generates the risk for birth defects. Correa et al. (2008) reported an association 
between pregestational diabetes and longitudinal limb deficiency with odd ratios 6–
7. They excluded cases with a known cause. It was a case-control study. They 
included different birth defects and identified the prevalence of maternal diabetes 
among the affected subjects and control subjects. In contrast, Nielsen et al. (2004) 
did not find an association between limb defects and diabetes. It was also case-
control study from the Hungarian Register and included all kinds of birth defects. 
Only 0.3% of the mothers of the cases had diabetes, and thus subgroup analyses 
consisted of very small numbers of cases in different birth defect groups.  
Based on our study and literature data it is very important to control the blood 
glucose levels of pregnant mothers and to treat high glucose levels properly to reduce 
the prevalence of congenital limb deficiencies. It is also important to actively search 
for these anomalies, especially if there is maternal dysglycemia.  
We identified an association between limb deficiencies and maternal 
progesterone (two-fold increase) and antiepileptics (four-fold increase) use just 
before conception and during the first trimester. Because of a small study population 
size, we could not further analyze antiepileptics by subgroups. In the literature 
valproate, phenytoin and phenobarbital have been connected to limb deficiencies 
(Jentink et al. 2010b, Holmes et al. 2001, Harvey et al. 2003). Klungsoyr et al. 
(2019), however, did not find any association between epilepsy and limb deficiencies 
and neither did we find any associations between special medical reimbursements 
for epilepsy and congenital limb reductions (Study III). This finding will need further 
studies to expand the patient population so that further analyses on drugs (by ATC 
code) used by smaller groups of mothers with epilepsy become feasible. Different 
types of antiepileptic medications have different modes of action and would be 
expected to affect the developing fetus differently.  
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In the past decades, maternal sex steroid use has been suspected to cause birth 
defects (Janerich et al. 1974, Czeizel et al. 1983, Heinonen et al. 1977), but there 
were also studies against this idea (Källen 1989, Lammer and Cordero 1986, Harlap 
et al. 1985). Brent (2005) concluded that newer studies imply that progestational 
drugs do not cause congenital malformations. Despite this, as shown by Study III, 
we did find an increased risk for limb defects with maternal progesterone use, 
especially in the multiple anomaly group. This paper and the previous ones cannot 
be fully compared because of different indications for the use of the hormones and 
different doses used by the mother. A closer analysis showed that all of the use 
pertained to natural progesterone, which is used in assisted reproductive technology. 
Thus, it may not be possible to say if it is the hormone itself, the technology used or 
maternal and paternal factors related to subfertility that cause the positive association 
with congenital limb deficiencies. This has been also questioned in papers on 
infertility treatments and pregnancy outcomes (Hansen et al. 2013, Berntsen et al. 
2019) 
Infertility treatment increased the risk of limb deficiency six-fold in the multiple 
anomaly group (multivariable analysis) (Study III). Also, previous studies have 
reported an increased risk for limb reductions among women who have undergone 
infertility treatments (Källen et al. 2010, Davies et al. 2012). Our study indicates that 
the association could be related to a more profound effect of with these treatments, 
since the association was marked only in the group with multiple defects (Berntsen 
et al. 2019).  
There was no association between BMI and limb deficiencies (Study III), but 
maternal weight and height information was lacking in many cases. This could 
influence the results. In previous studies, Oddy et al. (2009) reported a two-fold 
increase in limb deficiencies in pregnant obese women and in the systematic review 
and meta-analysis of Stothard et al. (2009) the risk was 1.3-fold. In Oddy’s (2009) 
case-control study the number of limb reduction cases was very small and the results 
were not statistically significant.  
Primiparity (no previous pregnancies or miscarriages) was associated with 
congenital limb deficiencies (Study III) (OR 1.55 (95%CI 1.29–1.88)). Similar 
observations have been made by in previous studies (Klungsoyr et al. 2019, Duong 
et al. 2012). In the study of Duong et al. (2012), which ran from 1997 to 2007, 
nulliparous women were defined as those with no previous live births and 
primiparous women were those with one live birth before the index delivery. 
Multiple pregnancies and subjects with pregestational diabetes were excluded. The 
odds ratio for congenital limb deficiencies was slightly increased and was 1.2 
(95%CI 1.00–1.44) in nulliparous women.  
There was also association between beta-blocking agents, muscle relaxants and 
centrally acting agents and congenital limb deficiencies (Study III). There was a two-
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fold to three-fold increase in the risk of limb deficiencies. The finding is new and 
sufficiently surprising to merit further investigation. None of the subgroup analyses 
were positive.  
Our results show that all risk factors discussed in Study III need to be taken into 
account when examining pregnant women in maternity health care. When screening 
ultrasound investigations are made, it is important to actively search for congenital 
limb deficiencies among pregnant women who use these drugs.  
6.3 Prevalence of congenital lower limb 
deficiencies 
The total prevalence of congenital lower limb deficiencies was 2.8 per 10,000 births 
and the birth prevalence was 2.2 per 10,000 births (Study I). According to previous 
literature on population-based studies, our figures are higher. In the older data of Aro 
et al. (1982), Källen et al. (1984) and Calzoari et al. (1990) the birth prevalence of 
lower limb reductions has varied between 1.4 and 1.7 per 10,000 births. In the study 
of Froster and Baird (1993) the live birth prevalence was 1.1 per 10,000 live births. 
They excluded cases with amniotic bands or chromosomal or other syndromes, as 
well as cases with both upper and lower limb deficiencies. In another study, the same 
authors report that the birth prevalence of lower limb deficiencies was 1.7 per 10,000 
births. The differences between our study and these studies might be explained by 
differences in study populations, definitions and accuracy of the registry data. Also, 
after publication of these older studies, the mean maternal age, the proportion of 
older pregnant women, the use of infertility treatments have increased. (Cleary-
Goldman et al. 2005, Sainio et al. 2010, Medical Birth Register, Lahesmaa-Korpinen 
et al. 2014, Assisted Infertility Treatments) Also, the amount of prenatal screening 
has increased and the numbers of elective terminations of pregnancy due to fetal 
anomalies have risen.  
There is some more recent data. Klungsoyr et al (2019) reported that the total 
prevalence of congenital lower limb deficiencies was only 1.3 per 10,000 births. The 
difference to our study might be partly explained by different classifications. Also, 
their data begins earlier (1970). In the Norwegian study there was a slight increase 
in the prevalence in the subsequent years (1970 to 1998 vs 1999 to 2016). In a 
previous study from Finland (covering the years 1964–1977) the birth prevalence 
was 1.4. (Aro et al. 1982) On the other hand, Vasluian et al (2013) calculated the 
total prevalence of lower limb deficiencies to be 4.2 per 10,000 births in northern 
Netherland. They included recognized conditions in the analysis.  
Of the cases in the present study, 71% were live births, 4% stillbirths and 22% 
elective terminations of pregnancy. In Norway, the proportions were similar 
(Klungsoyr et al. 2019).  
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6.4 Mortality of children with congenital lower limb 
deficiencies 
There is not much data on the mortality of children with congenital lower limb 
deficiencies. In our study (Study I) perinatal mortality was 78 per 1,000 births and 
infant mortality 46 per 1,000 births. This is more than in Finland on average. 
Perinatal mortality was 4.7 per 1,000 and infant mortality 2.7 per 1,000 in 2008 
(Causes of death 2017). In the study of Klungsoyr et al. (2019) infant mortality was 
55 per 1,000 births (upper and lower limb together). In the same study most of the 
deaths during the first year of life were associated with additional malformations, 
and the same was observed in Study I. This was also reported by Froster-Iskenius 
and Baird (1989).  
6.5 Gender distribution of subjects with congenital 
lower limb deficiencies 
In previous studies there has been male excess among subjects with congenital lower 
limb deficiencies (Bedard et a. 2018, Vasluian et al. 2013, Stoll et al. 1996, Forrester 
and Merz 2003, Rosano et al. 2000, Klungsoyr et al. 2019), for example 55% in the 
study of Vasluian et al. (2013). This is also true in Study I (53%) and corresponds to 
the general gender distribution recorded in the Malformation Register (Congenital 
Malformations 2015)  
6.6 Classification of congenital lower limb 
deficiencies 
We used the EUROCAT classification system to classify our cases (EUROCAT 
2004). Terminal transverse reductions were the most frequent type of lower limb 
reductions, followed by postaxial deficiencies (Study I). The same percentage of 
different subtypes of lower limb deficiencies has been reported in previous studies 
that have used the EUROCAT classification system (Calzoari et al. 1990, Vasluian 
et al. 2013, Lin et al. 1993). It is difficult to compare different studies since several 
different classifications are in use (Bedard 2018, Lowry and Bedard 2016).  
6.7 Congenital lower limb deficiencies and 
associated major anomalies 
Almost half of our subjects with lower limb reduction had multiple anomalies. The 
most common associated anomaly was abdominal followed by urogenital, axial 
skeleton, central nervous system and cardio-pulmonary anomalies. There are 
previous reports that subjects with limb reduction have increased relative risks of 
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non-limb anomalies (Stoll et al. 2010). The proportions of associated anomalies vary 
between 12% (Calzoari et al. 1990) and 83% (Forrester and Merz 2003). In the study 
of Froster and Baird (1993), 20% of the live births of lower limb deficiencies had 
associated anomalies but chromosomal and other syndromes were excluded. A 
Swedish study group reported a non-limb malformation rate of 27% in unilateral 
lower limb deficiencies (Källen et al. 1984). Vasluian et al. (2013) reported that 17% 
of subjects with lower limb cases had additional anomalies, recognized conditions 
excluded. The comparable figure in Study I is 23% (MCA without known syndrome 
or chromosomal anomaly). In the studies of Bedard et al (2018) and Klungsoyr et al. 
(2019), musculoskeletal and other limb anomalies dominated, followed by 
cardiovascular anomalies. Vasluian et al. (2013) reported digestive tract anomalies 
as the most frequent site. All studies have reported proportions of the different 
anomalies that are of similar magnitude as in our study (Bedard et al. 2018, Vasluian 
et al. 2013, Klungsoyr et al. 2019, Evans et al. 1994).  
A third of all our cases had reductions in both the upper and the lower limbs, and 
one fifth in the isolated group. Vasluian et al. (2013) calculated that 16% of the cases 
had both upper and lower limb reductions. The percentage was nine in the study of 
Klungsoyr et al. (2019) but they had 6% of cases in which the affected limbs were 
unspecified.  
Previously it has been reported that around 30% of limb reduction cases associate 
with some recognized condition (Stoll et al. 2010, McGuirk et al. 2001). In the study 
of Vasluian et al. (2013), 39% of lower limb reductions were related to a known 
syndrome or chromosomal anomaly. In our data the percentage was 25%. 
Chromosomal abnormalities have been reported in 5.6% (Stoll et al. 1992) to 7.2% 
(Klungsoyr et al. 2019) of the cases; our figure was slightly lower, 4.5%.  
Our data show that preaxial lower limb reduction defects are strongly associated 
with other anomalies. This corroborates previous literature reports (Berard et al. 
2018, Rosano et al. 2000, Vasluian et al. 2013).  
6.8 Hospital care of congenital lower limb 
deficiencies 
Congenital anomalies pose a significant impact to the healthcare system. Of children 
with congenital anomalies 80% used healthcare services compared to 54% without 
birth defects. (Colvin and Bower 2009). Populations-based studies about 
hospitalizations for congenital heart defects, cleft lips and palates, Down syndrome 
and neural tube defects have been published (Radcliff et al. 2012, Fitzsimons et al. 
2014, Fitzgerald et al. 2013, Robbins et al. 2014, Simeone et al. 2015, Islam et al. 
2018, Razzaghi et al. 2015, Peterson et al. 2013). Wu et al. (2013) explored the 
surgically treated congenital anomalies in Kenya. Spina bifida caused the highest 
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impact on the healthcare system. In the study of Koskimies-Virta et al. (2019), the 
impact of congenital upper limb deficiencies on the healthcare system was evaluated. 
However, hospitalizations of congenital lower limb deficiencies are not known.  
We compared hospital admissions and days spent at the hospital of congenital 
lower limb deficiencies with the corresponding data covering the entire pediatric 
live-born population. The amount of hospital days was six-fold and the amount of 
days spent at the hospital were 10-fold compared to the general pediatric population. 
The need for hospital care is less than for upper limb deficiencies, which amounts to 
11-fold compared to whole pediatric population (Koskimies-Virta et al. 2019). Other 
studies report that the need for hospital care is 2.5-fold in children with birth defect, 
11-fold in children with orofacial clefts and five-fold in children with Down 
syndrome (Colvin and Bauer 2009, Fitzgerald et al. 2013, Fitzsimons et al. 2013)  
In a study on limb defects and amputations, the mean number of hospital stays 
of children with an amputation was 0.3 and without an amputation 0.1. In the same 
study, the number nights spent at the hospital was seven among patients with an 
amputation and 2.5 without an amputation. Our figures were higher for the average 
number of annual hospital admission (0.6, varying from 0.4 for toe deficiencies to 
1.5 for terminal amputations) and lower for the days spent in hospital (2.9, varying 
between 1.9 and 3.9 days). (Weir et al. 2010) Of course, Weir’s and our study are 
not comparable due to different study populations. In both studies the scale of 
deformities is wide from simple toe reductions to difficult long bone deficiencies and 
neither our nor Weir’s study took into account associated anomalies which would 
have had an effect on hospital treatment.  
Compared to upper limb deficiencies our figures for lower limb deficiencies 
were lower. Congenital upper limb deficiency patients had mean of one admission 
per year and five days of hospital care per year. (Koskimies-Virta et al. 2019).  
Nowadays, the treatment of congenital limb deficiencies has undergone some 
changes compared to the techniques used during the study years (Paley and Guardo 
2014, Paley 2016, Kulkarni 2019, Laaksonen et al. 2019). In the Finnish study 
describing the treatment of deformities with motorized lengthening nail (Laaksonen 
et al. 2019), patients with congenital limb deficiencies spent two to five days in for 
the surgical procedure. In our study (Study II), long bone deficiencies required a 
mean of 1.1 hospital admissions and a mean of 3.9 hospital days. Based on these 
figures the numbers did not differ much between different eras. Our study did not 
include outpatient visits. We may speculate that the number of outpatient visits may 
be currently higher because of lengthening nails and external fixators which require 
control visits during care.  
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6.9 Surgical treatment of congenital lower limb 
deficiencies 
Considering all patient groups in the present study (terminal amputations, long bone 
deficiencies, foot and toe deficiencies), the proportion (Kaplan–Meier estimate) of 
patients requiring at least one operation by age 10 years was over 50% in every 
group. Except for toe deficiencies, most operations were orthopedic procedures. In 
all groups, the burden of hospital care was higher than for the whole pediatric 
population. Long bone deficiencies constituted the biggest need for surgery among 
the subjects with any lower limb deficiency, while toe deficiencies had the lowest 
rate of orthopedic operations. To the best of my knowledge, there are no studies to 
compare these results with.  
In this study, long bone deficiencies were classified according to their specific 
classification systems and the orthopedic procedures in accordance with this. All 
these procedures were done before 2009. The PFFD patients of Aitken class A (4/5) 
had limb lengthening procedures and the four Aitken class C and D patients in the 
study (Study II) did not require orthopedic procedures. Compared to older literature 
(Gillespie and Torode 1983, Torode and Gillespie 1991) procedures done to our 
cases followed recommendations done before. Nine patients in Aitken class A and 
B underwent osteotomy. Because of the nature of register data, it was not possible 
to pinpoint the level at which these procedures were done, nor was it possible to 
decide if there were PFFD patients who underwent the Van Nes rotationplasty (Van 
Nes 1950) in our data. Patients with PFFD may successfully have their hip joint 
reconstructed with pelvic and femoral osteotomies, especially in mild cases of PFFD. 
Before lengthening it is necessary to achieve stability of the hip and knee joint. 
(Westberry and Davids 2009) 
In our data (Study II) we had five tibial deficiency patients. Of these, two patients 
with the Jones type 3 deficiency required amputation. Clinton and Birch (2015) 
reported of their series of type 3 patients that one patient had knee disarticulation 
and one Syme amputation and tibiofibular synostosis. Spiegel et al. (2010) reported 
on the Chopart or Syme amputation in patients with Jones type 2 and 3 defects. 
According to a review by of Litrenta et al. (2019), the method of choice to treat the 
rare Jones type 3 deficiencies is the Syme or Chopart amputation. It is assumed that 
ossification of a proximal tibial cartilaginous anlage will take place and that patients 
have a functional quadriceps mechanism. According to the same article, the 
recommended treatment for type 2 patients is tibiofibular synostosis and distal Syme 
amputation. Schoenecker et al (1989) used distal Syme amputation to treat 12 
patients with type 2 deficiency, eight of whom also underwent tibiofibular 
synostosis. In our small series, type 2 patients had no orthopedic surgery. We also 
had two cases (2/5, 40%) that we could not classify according to Jones classification 
system. In the literature the percentage of non-classifiable cases has varied between 
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11% and 15% (Clinton and Birch 2015, Weber 2008). Non-classifiable cases have 
undergone osteotomies, amputations and epiphysiodesis procedures. Clinton and 
Birch (2015) reported that this group of patients was treated with miscellaneous 
procedures.  
Patients with congenital fibular deficiency present with wide range of clinical 
manifestations. Orthosis, epiphysiodesis, Syme or Boyd amputation, prosthetic 
rehabilitation, limb lengthening procedures and foot and ankle reconstruction 
procedures can be used to treat these patients. (Hamdy et al. 2014) The traditional 
treatment protocol has been that patients with severe foot deformity and big limb 
length inequality are best treated by amputation and prosthetic rehabilitation 
(Maffulli and Fixsen 1996, Birch et al. 1999, Changulani et al. 2010). Milder 
deformities are candidates for limb lengthening procedures. (Hamdy et al. 2014) 
Birch et al. (2011) have published an algorithm on how to treat these patients. If the 
foot is not preservable (less than three rays), the treatment method, according to this 
algorithm, is amputation (if upper limbs are functional). If the foot is preservable, 
the treatment of choice is conservative treatment or lengthening and epiphysiodesis 
procedures as dictated by the length of the limb inequality. Further, the patients 
might need treatment of genu valgum and of knee instability and reconstruction of 
the foot and ankle (Hamdy et al. 2014). In our series, all AK 2 patients were treated 
with amputation. These patients have complete absence of the fibula and usually also 
the foot is poor in most of these cases. In our study (Study II), AK type 1 cases had 
osteotomies and lengthening procedures according to the guidelines above. Also, 
seven AK 1A type patients did not have hospital admissions. Maybe their anomaly 
was so mild that they did not need treatment or maybe the follow-up time was too 
short to catch data on hospital days.  
6.10 Future perspectives 
1. In the first study (Study I) we report that the number of major structural 
anomalies is high among subjects with lower limb deficiencies. Clinically, 
in the future and now, it is important that this patient group receives a 
thorough preoperative assessment for identification of these anomalies.  
2. The prevalence of congenital limb deficiencies had increased (Study I). In 
the future, it is important to follow up these figures at least for a decade to 
check if this trend continues. It is also important to examine the causes for 
the increasing trend.  
3. As new methods to treat these patients have emerged, we need to compare 
our current results and hospital care figures with newer figures to see how 
the current treatment protocols affect the lives of patients.  
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4. It is important that pregnant women who are using medications or have 
diabetes are followed carefully with regard to the occurrence and risk of limb 
deficiencies in their offspring. In the future, it is important to expand the 
study material, after which subgroup analyses become feasible – this is 
needed for confirmation or exclusion of risk factors that have been identified 





1. The total prevalence of congenital lower limb deficiencies was 2.8 per 
10,000 births in 1993–2008. Terminal transverse reductions were the most 
common type of reductions. Perinatal mortality was 78 per 1,000 births. 
2. The burden of hospital care was markedly increased in all lower limb 
deficiency groups compared to the whole pediatric population. The highest 
burden was in children with terminal amputations and long-bone 
deficiencies (over ten-fold). 
3. Over 50% of patients in all groups were operated on by age 10 years. Most 
of the operations were orthopedic, except in the group of patients with toe 
deficiencies. Long bone deficiencies had the highest proportion of operations 
in the group with lower limb deficiency.  
4. Maternal young and high age, primiparity and pregestational diabetes 
increased the risk of having a child with congenital limb deficiency. Also, 
maternal medication use (progesterone, antiepileptics, beta blocking agents 
and muscle relaxants) one month before gestation and during the first 
trimester increased markedly the risk of limb defects in the offspring.  
5. Maternal diabetes, use of the medications mentioned above and risk factors 
should be followed up carefully throughout the entire pregnancy. Maternal 
diabetes must be treated as well as possible. Health care actors and the 
society needs to actively monitor drug safety and search for medication that 
is not teratogenic.  
6. During pregnancy, it is necessary to pay extra attention to limb deficiencies 
in screening ultrasounds and to look carefully for other anomalies when 
lower limb deficiency is suspected. A thorough clinical examination and 
cardiac and abdominal ultrasound are important measures for the newborn 
child with limb deficiencies, because nearly half of the cases have other, 
associated major anomalies. This is especially important in the group of 
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